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R_TKfgSOFTESTSUSINGA 0.36-SCALEMODEL(76-0) OF

THE SPACE SHUTTLE ORBITER VEHICLE i01 IN _E NASA/AMES

RESEARCH CENTER'S 40 X 80-FOOT SUBSONIC WIND TUNNEL

(OAn4)

by

T. J. Dziubala, R. R. Burrows, and J. Marroquin

Rockwell International STS D&P Division

ABSTRACT

A O.36-scale model of the Space Shuttle Orbiter Vehicle i01,

constructed to VLTO-O00140"C" lines with outer contours representative of

the TPS after flying the 2689 entry trajectory, was tested in the NASA/

Ames hO x 80-foot subsonic wind! tunnel during February, 1976. The model

was tested both with and without a tailcone fairing.

designation was CA'_4.

Test objectives were:

1.

,

3.

o

5.

o

The test

Obtain stability and control force and moment data for orbiter

vehicle lO1 with a tailcone;

Obtain control surface hinge moments;

Verify nose landing gear strut and door pressure distributions

and hinge moments;

Obtain tailcone pressure distributions;

Calibrate baseline air data system consisting of fuselage side

probes and a nose boom-mounted flight test probe;

Calibrate alternate air data system measuring systems (consisting

of flush pressure ports on the fuselage nose and taps in the MS
cavities); and

7. Measure fluctuating pressures on the right nose gear door.
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ABSTRACT (Concluded)

The model was tested under conditions simulating free air at Mach

numbers between 0.114 and 0.264 with corresponding dynamic pressures of

20 psf and i00 psf and Reynold's numbers (based on wing mean aerodynamic

chord) of 12 x 106 to 26 x 106, respectively. Angles-of-attack between

-5 ° and 25 ° and angles-of-sideslip ranging between 210 ° were investigated.

Five different model configurations were tested during 0A174:

i. Basic orbiter vehicle IDI: gear up, tailcone off

2. Basic i01 with vented tailcone., gear up

3. Basic i01 with vented tailcone, gear up, alternate nose boom

_. Basic lO1 with vented tailcone, nose gear deployed, alternate

nose boom

5. Basic 101with vented tailcone, gear up, flight test boom off.
i

A total of 165 runs including 5 repeats were accomplished in 26_

occupancy hours, beginning February 2 and ending February 27, 1976.

Te_t 0A174 consists of two volumes:

Volume 1 - Force Data Tabulations and Pressure Data Sample Plots

Volume 2 - Pressure Data Sample Plots and Pressure Data

Tabulations (Microfiche)
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INTRODUCTION

This report contains information pertaining to wind tunnel test

0A174 using model 76-0 in the NASA/Ames Research Center 40 x 80 foot

subsonic wind tunnel. The test was conducted on a two shift basis from

February 2, 1976 to February 27, 1976, for a total of 26_ occupancy

hours.

The objectives of the test were to:

i.

.

S.

_B

5.

Obtain orbiter vehicle i01 taileone-on stability and control
force data;

Obtain control surface hinge moments;

Verify nose landing gear and door pressure distributions and

hinge moments from small scale models;

Obtain tailcone pressure distributions;

.

Verify calibration of the baseline air data system and flight
test probe

Calibrate the alternate air data system (flush ports on nose
and in _S nozzles), and

o

The model (76-0) was built to the VL70-0001_O"C" inner mold line

with a removable reinforced foam plastic skin representing the thermal

protection system (TPS) of orbiter vehicle lO1 (OVl01) for the 2689

trajectory. The outer surface was grooved _o simulate the O.l-inch

recesses between adjacent refractory tiles under heated conditions.

Tests were conducted under conditions simulating free air at Maeh

numbers between 0.114 and 0.26_ with corresponding dynamic pressures of

20 psfand 100 psfand Reynold's numbers (based on the wing mean

Measure fluctuating pressures on the right hand nose gear door.



INTRODUCTION (Continued)

aerodynamic chord) of 12 x 106 to 26 x 106 , respectively. Runs were made

_5 °in pitch and yaw in the ranges of _ = to +25 ° and = ±i0 °.

Measured quantities during the tests included: tunnel conditions,

model attitude, control surface positions, the six components of forces and

moments acting on the model, pressures related to the flight test and ADS

probes, fuselage base, wing/elevon, fuselage tailcone, speed brakes, nose

landing gear and nose gear door pressures, hinge moments on the four

individual speed brake panels, nose gear, nose gear door and body flap,

and fluctuating pressures on the right-hand nose gear door.

A total of 165 runs were made during 264 occupancy hours, starting

February 2, 1976 and ending February 27, 1976.

This report consists of two volumes arranged in the following manner:

Volu_

Number Contents

Appendix

Page No.

1 0A174 Force Data, Tabulated

BNOOIA - BNOO6H

CNO01A - CNOO6H

DNOOIA - DNOO6H

ENO01A - ENOO6H

HNOOIA - HNOO6H

INO01A - INOO6H

JNO01A - JNOO6H

RNOOIA - RNOO6H

ZNO01A - ZNOO6H ("R" Data corrected for blockage)

1-75

75-149

149-223

223-297

297-371

371-445

445-519

519-593

593-667

1,2 0A174 Pressure Data, Sample Plots 1-17



INTRODUCTION(Concluded)

Volume
Number Contents

OA174 Pressure Data, Tabulated (Microfiche only)

Fourth

Character

A

B

C

D

E

F

G

H

I

J

K

L

M

N

Wing/Elevon Top

Wing/Elevon Bottom

Flipper Door Top

Flipper Door Bottom

Inter-Cavity
Flush Nose Statics

Forward RCS Nozzle

Vertical Tail Conical Post

Tailcone

Nose Gear Strut

Left Nose Wheel

Inner Surface Left Nose Gear Door

Outer Surface Left Nose Gear Door

Edge Surface Left Nose Gear Door

Tabulated

Page No.

1-360

361-720

721-1027

1028-1334

1335-1641

1642-2300

2301-2801

2802-3099

3100-3418

3419-3434

3435-3450

3451-3466

3467-3482

3483-3504

Microfiche

Page No.

1-6

6-12

12-17

17-22

22-27

27-37

37-45

45-50

50-55

55

55

55-56

56

56



NO]iENCLATURE

Body-A_i: System

SYMBOL

CN

C A

Cy

CA b

CAr

Cm

Cn

eL

CL

c D

c%

CDf

Cy

Cm

C
n

q

L/D

MNEMONXC

CN

CA

CY

C_

CAF

CLM

CYN

CBL

CL

CD

CDB

CDF

CY

CIM

CLN

CSL

L/D

L/DF

normal-force coefficient; normal force
qS

axial-force coefficient; axial force
qS

side-for,:e coefficient; side force
qS

base-force coefficient; base force
qS

-Ab(_b- _)/_

forebody axial force coefficient, CA - CAb

pitching-moment coefficient; pitching moment
qSLREF

yawing-moment coefficient; yawing moment
qSb

rollin moment
roiling-moment coefficient; _.

_Sb

St_bili% -_xis System

lift co<:fficient; lif___t
qS

drag coefficient; drag
qS

base-dr:_g coefficient; base dr_g
qS

forebody drag coefficient; CD - CDb

side-force coefficient; side force
qS

pitching-moment coefficient; _itching momen_
qS_RE F

yawing-moment coefficient; y_wing moment
qSb

rolling-moment coefficient; rolling moment
i,Jb

lift-to-drag r_tio; C_C D

lift to forebody drag ratio; C_CI_

i0



NOMENCLATURE (Continued)

SYMBOL

AB i

ADP

ADS

CBF

CD o

ChBF

ChRD

ChNG

Ch R

Ch S

Chsx

CLo

Cpi

MNEMONIC DEFINITION

fuselage base area assigned to pressure tap i,

(ft. _) See Table VIl

side-mounted air data probe

air data system

BAR atmospheric pressure, in. of Hg.

body flap reference chord length, ft.

minimum drag coefficient for blocking corrections

(See Table Vlll)

CHBF body flap hinge moment coefficient

CHND hinge moment coefficient, R.H. nose gear door

CHNG hinge moment coefficient nose gear

CHR rudder hinge moment coefficient

CHS speed brake total hinge moment coefficient

CHSX hinge moment coefficient of individual speed brake

panel: X = l, 2, 3, 4

lift coefficient at minimum drag for blocking

corrections (See Table VIII)

CPI pressure coefficient at tap i

CPSF,CPMF FT probe static pressure coefficient

CPSX, CPMX ADS probe static pressure coefficient, X = L,R, or A

FT probe total pressure coefficient

ADS probe total pressure coefficient, X = L,R, or A

speed brake reference chord length, ft.

distance from body flap center of gravity to body

flap hinge line, ft.

Ii

CPTF

CPTX



N(MENCLA_N;RE(Continued)

SYMBOL

dSX

_ADC

E_DISP

E_ADC

E#DISP

EOG

EOGADC

EO_DIS P

EO_DiSP

f_a_s x

f_F

MNEMON IC

EAADC

EADISP

EBADC

EBDISP

A¥0LT

NVOLT

DEFINITION

distance from speed brake panel center of gravity

to speedbrake hinge line (ft) X = i, 2, 3, 4

identifies panel number

equivalent voltage output of G flow angle vane on

fUll scale flight test probe to the Air Data

Computer, volts

equivalent voltage output of _ flow angle vane on

fUll scale flight test probe to the cockpit

display, volts

equivalent voltage output of # flow angle vane on

fUll scale flight test probe to the Air Data

Computer, volts

equivalent voltage output of /_ flow angle vane

on full scale flight test probe to the cockpit

display, volts

output of _T probe G pot, volts

value of EGAI_ for vane aligned with probe center-
line, volts

value of E_dis_ for vane aligned with probe
centerline, volts

output of FT probe _ pot, volts

v_iue of E/_ADC for vane aligned with probe center-
line, volts

value of E_DISP for vane aligned with probe center-
line, volts

Rosemount, Incorporated calibrations of O. 36-

scale left and right side ADS probes for G flow

angle, X = L or R

Rosemount, Incorporated calibration of 0.36-scale

flight test G flow angle probe, deg

12
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NOMENCIA%_THE (Continued)

iF a

KaADC

K_DISP

K_ADC

K_DISP

KSBF

KSEX

KSSX

KmB F

KmSX

MNEMONIC DEFINITION

Rosemount, Incorporated calibration of O.36-scale

flight _est _ flow angle probe

incidence of flight test probe _ to model FRL, deg.,
positive nose-up

incidence of flight test probe _ to model plsme of
symmetry, deg., positive for nose of probe to left

of model

electrical output of a flow angle pot on fUll scale

flight test probe to Air Data Computer per degree

of vane deflection, volts per degree

electrical output of u flow angle pot on full scale

flight test probe to cockpit display per degree of

vane deflection, volts per degree

electrical output of _ flow angle pot on full scale

flight test probe to Air Data Computer per degree

of vane deflection, volts per degree

electrical output of _ flow angle pot on full scale

flight test probe to cockpit display per degree of

vane deflection, volts per degree

body flap deflection pot calibration factor,

deg./ct.

elevon panel (X = i, 2, 3, 4) deflection pot

calibration facto_ deg./ct.

pressure transducer calibration factor , psi/ct

where: X = 50 - 67, separate values used for

positive or negative differentials

speed brake panel (X = i, 2, 3, 4) deflection pot

calibration factor, deg./ct.

body flap hinge moment beam sensitivity, ft.lb/ct.

speed brake panel !} i, 2, 3, 4) hinge moment beamsensitivity, ft.lb ct.

13



NG_ENCLATU2E(Continued)

SYMBOL

KND

KNG

KpF,A

KptF,A

KqF,A

KSV( )

M

mBF

mBF T

mND

mNG

mSX

MNEMONIC

MA_

DEFINITION

nose landing gear door hinge moment beam sensitivity

ft.lb./ct.

nose landing gear hinge moment beam sensitivity

ft.lb/ct.

tunnel static pressure correction factor =

(Psp - p)/q, F or A refer to forward or aft end of

the model

tunnel total pressure correction factor =

(pt - Ptref)/q, F or A refer to forward or aft end

of the model

tunnel dynamic pressure correction factor =

Kp + Kp_, F or A refer to forward or aft end of the
model

scanivalve pressure _ransducer calibration factor,

psi/ct., separate values used for positive and

negative differentials

tunnel freestreamMach number

total measured hinge moment about body flap hinge

line, ft.lb., positive trailing edge down

weight tare contribution to mBF, ft.lb.

total measured bending moment about nose landing

gear door, ft.lb., positive tending to close doors

total measured bending moment about nose landing

gear reference point, ft.lbs., positive tending to

bend landing gear up and forward

total measured hinge moment about speed brake panel

(X = l, 2, 3, 4) hinge line, ft.lb., positive

tending to close speed brake

weight tare contribution to mSX , ft.lb.

weight tare contribution to mND, ft.lb.

14



NOMENCLATURE(Continued)

SYMBOL

P

Patm

Pau

Pfa

Pi

psf

psf/p

psp

psx

psx/p

pt

ptf

ptf/pt

ptref

MNEMONIC DEFINITION

weight _are contribution to mNG, ft.lb.

P tunnel freestream static pressure, lb/ft 2

PAL pressure measured at lower tap of ADS probe, psf

PATM,PBAR atmospheric pressure, psf

PAU

PFA

PFB

PI

PSF

PSFDEC

PSF/P

pressure measured at upper tap of ADS probe, psf

pressure at _ tap of FT probe, psf

pressure at _ tap of FT probe, psf

PSP

PSX

PSXDEC

PSX/P

PT

PTF

PTFDEC

PTF/PT

FTREF

pressure at tap i, psf

FT probe static pressure, psf

FT probe static pressure decrement

ratio of FTprobe static pressure to freestream

static pressure

pressure at tunnel test section static pressure

ring, psf

ADS probe static pressure, psf, X = L, R, or A

ADS probe static pressure decrement, X = L, R, or A

ratio of ADS probe static pressure to freestream

static pressure,psf, X = L, R, or A

tunnel freestream total pressure, psf

FT probe total pressure, psf

FT probe total pressure decrement

ratio of FT probe total to freestream total pressure

reference pressure at tunnel total ring, psf

15



NGMENCLATUEE(Continued)

SYMBOL

ptx

ptx/pt

q

qc

RSBF

RSBF o

MNEMONIC

PTX

PTXDEC

Q(PSF)

Q

QCF

QCF/QC

QC(_P

QCX

QF

I_F

RBF

DEFINITION

ADS probe total pressure, psf, X = L. R. or A

ADS probe total pressure decrement, X = L, R, or A

ratio of ADS probe total pressure to freestream

total pressure, X - L, R, or A

tunnel freestream incompressible dynamic pressure,

psf

tunnel freestream incompressible dynamic pressure

at aft end of model, psf

FT probe compressible dynamic pressure, psf

ratio of FT probe to freestream compresslbledynamic

pressures

tunnel freestream compressible dynamic pressure,

psf

ADS probe compressible dynamic pressure, psf_

X = L, R, or A

r_tio of ADS probe to freestream compressible

dynamic pressures, X = L, R, or A

tunnel freestream incompressible dynamic pressure at

the forward end of the model, psf

Rosemount FT probe angle-of-attack calibration

parameter

Rosemount ADS probe angle-of-attack calibration

parameter

Rosemount FT probe angle-of-sideslip calibration

parameter

reading of body flap deflection pot for any setting,
ct.

prerun reading of body flap deflection pot, ct.

16



N(_ENCLA_JRE (Continued)

SYMBOL

R3EX

R6EXo

R APX

R APXo

R3SX

R3SX o

RmBF

RmBFo

RmSXo

_ND o

R_G

RNG o

MNEMONIC DEFINITION

reading of deflection pot for elevon panel X = i,
2, 3, 4 at any setting, ct.

reading of deflection pot for elevon panel X = i,
2, 3, 4 corresponding to zero deflection, ct.

alr-on reading of Ap (X) transducer, ct.,
(x : 5o - 67)

prerun reading of Ap (X) transducer, ct.,
(X = 50 - 67)

reading of deflection pot for speed brake panel
X = i, 2, 3, 4 at any setting, ct.

prerun reading of deflection pot for speed brake
panel X = l, 2, 3, 4, ct.

air-on reading of body flap hinge moment beam, ct.

prerun reading of body flap hinge moment beam, ct.

air-on reading of speed brake panel (X = l, 2, 3, 4)

hinge moment beam, ct.

prerun reading of speed brake panel (X = l, 2, 3, _)

hinge moment beam, ct.

air-on reading of the right hand nose gear door

hinge moment beam, ct.

prerun reading of right hand nose gear door hinge
moment, ct.

air-on reading of the nose landing gear hinge moment
beam, ct.

prerun reading of the nose landing gear hinge moment
beam, ct,

Reynold's number per foot x l0"6

alr-on reading of scanivalve transducer, ct.

17



NGMENCLA_/EE (Continued)

SYMBOL

_SV o

SBF

S s

Wsx

WRT

_ADS X

_ADSx/a

_F

GFP

_Fp/_

a m

g_x

ax/a

MNEMONIC

ALPHA

AXP

AXP/A

AF

ALPt_U

AX/A

BETA

BF

BF/B

DEFINITION

prerun reading of scanivalve transducer, ct.

body flap reference area, ft2

speed brake reference area, ft 2

tunnel average total temperature, OF

weight of body flap, lb.

weight of speed brake panel X = l, 2, 3, 4, lbs.

with respect to

corrected model angle-of-attack, deg.

ADS side probe local angle-of-attack, deg.

X = L, R, or A

ratio of ADS side probe local _ to model

probe indicated orbiter angle-of-attack WRT FRL,

deg.

ratio of FT probe indicated orbiter _ to model _

FT probe local angle-of-attack, deg.

ratio of FT probe local _ to model

uncorrected model angle-of-attack, deg.

ADS probe indicated orbiter angle-of-attack _ FBL,

deg.

ratio of ADS probe indicated orbiter _ to model

corrected model angle-of-sideslip, deg.

probe indicated orbiter angle-of-sldeslip W]_

FRL, deg.

ratio of _ probe indicated orbiter _ to model



N(HENCIA_'JRE (Continued)

< ; •

SYMBOL

nu

8A

8E

8_

8R

8 SX

8 'SX

8SB

AcDB

_CDSBF

MNEMON IC

BFP

BETAU

AILRON

BDFLAP

ELEVON

DELEX

I_DDER

DELSX

SPDBRK

DCDTI

DEFINITION

FT probe local angle-of-sideslip, deg.

ratio of FT probe local # to model

uncorrected model angle-of-sideslip, deg.

average ailercn deflection, deg.

body flap deflection, deg. , positive trailing edge

doe

average elevon deflection, deg., positive trailing

edge down

individual elevon panel deflection angle, deg',

X = i, 2, B, or 4

rudder deflection, deg., positive trailing edge

left as measured in a water plane

individual speed brake panel deflection angle as
measured in a water plane, deg., X = l, 2, 3, or 4

individual speed brake panel deflection angle as

measured about the hinge line, deg., X = l, 2, 3, or
4

total speed brake deflection angle, deg.

stability axis drag component of CAB

incremental drag coefficient blocking correction due

to body flap deflection

incremental drag coefficient blocking correction due
to elevon deflection

incremental drag coefficient blocking correction due

to speed brake deflection

incremental drag coefficient strut tare and inter-

ference correction (Table IX)
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Nf]MENC LA_JIIE (Continued)

SYMBOL

ACI_

ACmT

Api

Api/q

Aq n

A

DQCQU

QCOR

B.P.

LOC

SET

TAP NO

W.Po

Y/h

MNEMONI C

DCLTI

DCMTI

DPI - •

DpI/Q

DEFINITION
u

incremental lift coefficient strut tare and inter-

ference correction (Table IX)

incremental pitching moment coefficient strut tare

and interference correction (Table IX)

general differential pressure measurement at i, psf

general differential pressure ratioed to q for tap

numbers i = 50 - 67

compressibility correction to tunnel dynamic pressure,

psf

sweep angle of speed brake hinge line, deg.

ratio of incremental dynamic pressure correction

to uncorrected dynamic pressure

dynamic pressure correction factor due to wind

tunnel blockage

butt plane

first dimension designation for inter-cavity data

collation

first dimension designation for flush _se statics
and forward RCS nozzle data collation.

number associated with pressure tap location used as

second dimension with SET

water plane

fraction of reference body height (nose gear door)
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NOMENCLATURE(Concluded)

SYMBOL

S

x/c

XCP/_ B

_B

XMRC

YMRC

ZMRC

Xo

Yo

Zo

MNEMONIC

BREF

LREF

SREF

2Y/BW

x/cw

XCP/LB

LB

XMRP

YMRP

ZMRP

XO

YO

ZO

ALPHAD

ATM/QF

PCALX

QCODE

DEFINITION

reference wing span, in.

longitudinal reference length, orbiter mean

aerodynamic chord, in.

reference wing area, ft 2

spanwise location, on,wing, fraction of semi-span

chordwise location on wing surface, fraction of
local chord

longitudinal center of pressure location, fraction

of reference body length _ _

reference body length, in.

longitudinal station of moment reference center,

in. Xo

lateral station of moment reference center in. Yo

vertical station of moment reference center in. Zo

longitudinal orbiter station

lateral orbiter station

vertical orbiter station

indicated angle of attack from the dangleometer

ratio of PBAR to QF

scanivalve pressure calibration, X = I, 2, 3, 4, 5

nose gear position indicator; i = Up, 0 = Down
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RZ_ARKS

During the course of the tests_ several problems or irregularities

developed which_ in somecases_ affected the data quality of certain

runs.

ITEM
m

1.

2.

Those instances are summarized as follows:

RUNS AFFECTED

1 through 8

12 through 96

.

2,

40

5. 47

43 through 160

6. 78

7. 16o

8. 161

DESCRIPTION

Tunnel reference pressures ptref and psp were

inadvertantly isolated from all on-board pressure

transducers.

Elevon flipper door pressure #350 was not

recorded correctly: bad Datex II cycle

Speed brake hinge moment #2 was off-scale low

for 8R = +i0 °

Instrumented flight test probe was removed from

the nose boom and replaced with a rounded plug.

This run contains a 6e = -5° , 8a = 0°, G = +15 °

point which was repeated from Run 29.

Elevon flipper door static pressure tap #357

was off-scale low.

No Datex II data (pressures or hinge moments)

were recorded. Force and moment data only.

Triangular seal door outboard of the left hand

outboard elevon flipper door broke loose and

was free to oscillate about its hinge line.

Several runs had indications of main balance fouling; that is,

physical contact of some part of the floating frame and struts against

a non-metric portion of the balance framework or pitch strut fairing.

Those runs are listed below.
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P4_AEKS(Concluded )

RUN AFFECTED POINTS AFFECTED GROUND LIGHT INDICATION

2 _ = -5o C ont inuous

4 8SB = 87.3 ° ,,
l0 _ = 20 ° "

ii ALL "

12 ALL "

13 _ = +i O, +2 O, +5 ° Intermittent

13 # = +i0 O Continuous

14 ALL "

51 8BF = -ii.70 "
93 _ = +22.5 ° Intermittent

94 _ = 9°, 5°, "

+i0 o, +15 °

94 _ = +20 °, +25 ° Continuous

95 _ = -5 °, 0°, +5°, Intermittent

+iO °, +15 ° , +20 °

95 _ = +25 ° Continuous

96 ALL Intermittent

97 ALL "

16B _ = +15 °, +20 ° Continuous

During Runs 12 and 13, the entire right hand side of the tailcone

(from top q to bottom q) was tufted for flow visualization studies.

Photographs are available of the top, R.H. side, and bottom portions of

the tailcone tuft patterns during these runs.

Finally, it should be noted that all data presented in this report

have been adjusted for the effects of strut tares and interferences,

Table IX, and model blockage, Table VIII.

Table IX corrections are from 0A159, a tailcone off test; these were

applied to 0A174 tailcone on and tailcone off data.
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CONFIGURATIONSINVESTIGATED

The test article was a 0.36-scale replica of the space shuttle

orbiter flight test vehicle 101 and was designated model 76-0.

The basic model was constructed to the vehicle structural inner

mold line (IML) as defined by Rockwell International drawing VLT0-DO01h0

"C". Removable foam-plastic skins which simulated the TPS thickness

distribution required for the 2689 re-entry trajectory provided the outer

mold line (GML), as listed in Reference 1. Grooves were cut into the

skin to represent O.l-inch wide (full scale) spaces between adjacent TPS

tiles, under heated conditions.

Simulations of the nose landing gear and gear doors were provided.

In addition, a vented tailcone (TC19 with VT 7 and VT 8) was provided for

simulation of ferry configuration and ALT. An open gap of about O.l°

inches (model scale) was maintained all around the periphery of the

fusela_ _/tailcone interface. For runs _3 through 160, the instrumented

flight test probe was removed and a rounded plug was installed on the

forward end of the PR 1 nose boom. This component was designated PR 9.

The following nomenclature was used to designate the primary orbiter

configuration model components tested during 0A174:

0V101"B" = B69 C14 DT 1 E54 Fl_ FD 1 FD 2 FR12G18 HA 1 HG 1 M18 N92

N94 NI07 PRI PR 5 PR6 RI8 V23 VTI VT 2 WI29

Vented Tailcone = TC19 VT 7 VT 8

Alternate FT Nose Boom = PR 9
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CONFIGURATIONSINVESTIGATED(Continued)

These compents are defined as follows:

S_mbol Component Definition

B69 Body Body includes the forebody, mid-fuselage aft/

fuselage, and is identical to B64 except the
mid-body TPS is removed from F.S. 562 to 1307

with a 5° ramp to blend with the IML.

C14 Canopy Enclosure on forebody which includes wind-

shields and overhead observation windows.

DT I Duct Ram air duct for smoke removal system.

E5_ Elevon Four individual movable panels on the wing for

pitch and roll control.

FI4 Body Flap Movable surface on the bottom aft fuselage for

pitch control.

FD I Flapper Door Doors which span the gap between the upper wing
surface and the inboard elevons.

FD 2 Flapper Door Doors which span the gap between the upper wing
surface and the outboard elevons.

FRI2 Fairing Hinge fairings for the escape hatch doors on the

upper forebody (total of four).

GI8 Landing Gear Nose landing gear and gear doors with associated

struts and retracting hardware.

HA 1 Hatch Main ingress/egress crew hatch on left side of

forebody.

HG I Hinge Cargo bay door hinges located on each side of

the mid-fuselage (13 per side).

MI8 GMS Pod Oroit_l maneuvering systems pods on upper aft

body.

N92 Nozzles Laval-bell shaped nozzle on the aft end of each

GMS pod.

N94 Nozzles Three nozzles on aft-fuselage comprising the

main propulsion system.
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CONFIGURATIONSINVESTIGATED(Continued)

Symbol

NIO7

PR I

PR 5

PR 9

RId

Tel9

V2 3

VT 1

VT 2

VT8

W129

Componen_

Nozzles

Probe

Probe

Probe

Probe

Rudder/Speed

Brake

Tai leone

Vertical Tail

Vent

Vent

Vent

Vent

Wing

Definition

Cavities simulating the forward RCS nozzles on

the sides and upper surface of the fuselage

forebody.

Flight test boom and probe - consists of pitot

static ports and stems for alpha and beta.

Air data system probe which is strut-mounted on

the right side of the orbiter forebody.

Air data system probe which is strut-mounted on

the left side of the orbiter forebody.

Consists of the PR 1 flight test boom with

instrumente_ probe removed and a rounded plug

Insta_ze. in its place at the forward end of

the boom.

Four individual movable panels which are

located on the ver_ical tail and are used for

y_w control and energy management.

Aft-body fairing which is used during ferry for

drag reduction. The sides and trailing edge of

the body flap are completely enclosed.

Double wedge-shaped airfoil mounted in a dorsal

position on the aft fuselage.

Oval-shaped RCS vent located on each side of

the forebody.

Oval-shaped cabin vent located on each side of

the forebody.

Twin rectar_ular shaped cutouts on the bottom

aft tailcone q. Vent is covered with wire

screen.

Twin rectangular shaped cutouts on the forward

top tailcone _. Vent is covered with wire
screen.

"Double-Delta" shaped primary lifting surface.
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CONFIGURATIONSINVESTIGATED(Concluaed)

Five model configurations were tested:

I. C_I31"B" - G18

2. 0VIOI"B" - GI8 + TC19VT7 VT8

3. 0Vl01"B" - G18+ TCI9 VT7 VT8 - PRl+ PR9

h. OVlOI"B" + TCI9 VT7 VT8- PR 1 + PR 9

5. OVIOI'_B" - GI8 + TCI9 VT 7 VT 8 - PR 1 - PR 9
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iNSTRUMENTATION

Six-component forces and momentsacting on the model were measured

by the external balance system of the facility which is described in th_

Test Facility Description section of this report.

On-board model instrumentation consisted of the following:

1. Twenty individual ±5 psi differential pressure transducers,
for measurementof ADSand FT probe pressures.

2. Five scanivalves, equipped with _5 psi transducers for
measurementof alternate ADSpressures, fuselage base
pressures, elevon and tailcone pressures, nose gear and

door pressures.

3. Strain-gauged beams for measurement of hinge moments on

four speed brake panels, the body flap, nose landing gear

and right hand door.

4. Control surface position indicators for the elevon, speed

brake and body flap panels.

5. Right hand nose gear door fluctuating pressure sensors and

accelerometers.

The flight test probe (FT) was designed and manufactured by Rosemount.

Inc., with the capability of measuring the pitot and static pressures and

pressures indicative of angles-of-attack and sideslip. Basic design is

depicted in Figure 2d and the pressure hook-up is shown in Figure 2e.

Two duplicate air data sensor (ADS) probes were installed on the left and

right sides of the model, equipped to measure pitot/static pressures and

pressures relative to angle-of-attack. Figures 2f and 2g show the design

of the probes, and Figure 2h shows the pressure hook-up schematic used

for both probes.

The cross-flow taps were _wo flush static pressure orifices,
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INSTI_JMENTATION(Continued)

located on either side of the fuselage forebody to check the model yaw

alignment to the freestream. The locations and hook-up of these taps

to the PM6transducer is shownin Figure 2i.

All other steady state model pressures were measured on five

Rockwell-supplied, model S scanivslves located in a temperature

controlled box along with the PM6 transducers. 25 psid transducers,

referenced to tunnel wall static pressure, were employed in the valves.

Thirty-one flush static base pressure orifices were located on the left

hand side of the model in the aft surfaces of the GMS/RCS pod and nozzle.

fuselage heat shield, MPS nozzles, and the upper and lower surfaces of

the body flap. Figure 2j depicts tap numbers and exact locations of all

base pressures, and the four flush-mounted static pressures in the

vertical tail conical post. An alternate, flush-tap Air Data System was

also measured by scanivmlve; the numbering system and locations of these

taps are shown in Figures 2k and 21. The left hand nose gear door was

instrumented with 54 flush s_atic pressure taps for _etermination of gear

_oor loads. Figure 2m gives tap numbering and locations. Nose gear

strut loads were also determined using the static tap instrumentation

shown in Figure 2n. A total of 3h taps were employed on the nose gear

strut. Model pressure instrumentation also included the tailcone and

elevons, hl flush taps were installed on the tailcone left side outer

surface according to Table IV and Figure 20. Elevon and flipper door

pressures were installed on the model as described in Table V. A
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INSTRUMENTATION(Concluded)

total of 129 flush taps were employed.

The third group of model measurementsconsisted of body flap, spee_

brake, nose gear and right hand nose gear door hinge momentswhich were

monitored on a digital voltmeter. A six-position channel selector was

provided so that any of the four speed brake panels or body flap hinge

moment signals could be selected for visual display on the model control

console. The control panel of this console is shown in Figure 2q. The

design of the hinge moment hardware is depicted in Figure 2r. Hinge

moment sign conventions are given in Figures 2s and 2t.

Model control surface actuation and position read-out was controlled

and monitored at the model control console (Figure 2q). The body flap

an_ elevon panels were hydraulically controlled by individual Moog fee_-

back servo systems, and the spee_ brake panels were actuate_ by electric

motors. All panels utilized rotary potentiometers with digital position

read-out at the console. Panel deflection definitions are shown in

Figures 2s_ t an_ u.

The fifth and final group of on-board model instrumentation con-

sisted of 8 Kulite transducers (4 on each side) and two single axis

accelerometers mounted to the right hand nose gear door. Layout of this

instrumentation is depicted in Figure 2p.
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TESTFACILIT_ DESCRIPTION

The hOfoot by 80 foot wind tunnel is located at AmesResearch

Center, Moffett Field, California. The facility is staffed and operated

by the NASA. Although the efforts of the Large Scale Aerodynamics

Branch (LSAB) are primarily devoted to research, development testing is

done when it is considered to be in the national interest.

The wind tunnel has a closed hO-foot high by 80-foot wide test

section with semicircular sides and a single-return, closed-circuit air

passage. A SS-ton capacity crane lowers models into the test section

through overhead clamshell doors which open to 80 ft. x h9 ft.

The air is driven by six 40-foot diameter fans each powered by a

6000-horsepower electric motor. The fan section is vented to atmos-

pheric pressure. Maximum clear-tunnel conditions include speeds up to

180 knots, dynamic pressures up to 115 psf and unit Reynold numbers up

to about 2 million per foot.

The model was supported in the test section on two fixed struts an_

a telescoping pitch szrut_ as shown in Fi_ares 2v and 2w. Windshields

which rotated to maintain alignment with tunnel centerline, prevented

airloads from acting on all but the 3B-inch long tips of the struts.

Angle-of-attack of the model is varied by extending or contracting the

telescoping strut; sideslip angles in the range -14°< _ < 276 ° are

attainable by rotation of the turntable which supports the struts from

the balance system.

Model loads are transmitted through the struts to the balance
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TEST FACILITY DESCRIPTION (Concluded)

floating frame which is supported by seven scales.

various scales, when combined with the separation distances between

scales, yield the six-components of forces and moments acting on the

model. A schematic representation of the balance system is shown in

Figure 2x.

The readings of the
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TEST PROCEDURE

A reference surface, parallel to the fuselage reference line, was

provided within the main fuselage cavity. Readings of the telescoping

model support strut drive counter were made versus the angle measure_

with a clinometer on the reference surface. Model attitu4e (pitch angle)

was set during the tests based upon the drive counter reading.

For the sideslip angle, a reference line was established between the

tip of the flight test probe and a hole in the body flap which, based up-

on inspection at the B-1 Division, represented B.L. zero. Plumb bobslwere

dropped from the fore and aft ends of this line to a tunnel reference

centerline marked on the floor. Alignment of these two lines consti-

tuted a nominal zero-sideslip condition. Readings of the turntable

drive counter were made against reference angles markka around the

circumference of the turntable and model yaw settings were based on this

calibration.

Pressure transducer calibrations were obtaine4 by regulating a

pressure source connected via a manifold to the high side of all the

pressure transducers on this test. including the scanivalves. A Mensor

brand quartz manometer was used to monitor the pressure applied to the

transducers. Readings were recorded through the tunnel _ata system and

a computer program made a bes_ straight line fit through the _ata. The

process was repeated with pressures applied to the low side of the

transducers.

The numbers of model surface pressures to be measure_ excee_e_ the
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TESTPROCEDUHE(Concluded)

capacity of the five 48-port scanivalves available in the model. There-

fore as appropriate, the fuselage base pressures were swappedwith tail-

cone pressures on scanivalve No. 2 and nose gear and door pressures were

swapped with elevon and flapper door pressures on scanivalves Nos. B an_

_. This was accomplished by changing the removable heads on the scani-

valves, to which the model taps were connected.

Elevon deflection angle potentiometers were calibrated using three-

legged platforms set parallel to the wing reference plane at the elevon

trailing edge8 in conjunction with a clinometer. The body flap angle

potentiometer was similarly calibrated using a reference platform

attached to the left hand side of the flap. Speed brake angle

potentiometers were calibrated against a series of reference marks on the

hinge disks which had been established prior to the test. All of these

calibrations were checked periodically throughout the test.

Voltage to the hinge moment bridges was set in the tunnel in

con iunction with load simulating resistors to obtain data system

readings established during pretest calibrations. Additional rough

checks were made by hand loading the instrumented items with a spring

scale after the voltages had been set.
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DATAI_-'DUCTION

General

The data reduction process was carried out in three steps: on line,

i.e., during a tunnel run; off line, i.e., after a series of runs; and

posttest, i.e., by Chrysler/Dataman after the conclusion of the test.

Each successive step provided a more complete presentation of the data.

The moment reference center for model loads was located at X o =

387.605 and Zo = 135.000 which corresponded to 65% of the full scale

reference body length at W.L. 375.0. See Figure 2y for moment transfer

distances.

On-Line Data Reduction

Six-component data from the external balance system was transferred

to the model moment reference center and resolved into both stability and

body axes forces and moments using existing programs (See Figure 1).

Corrections were _pglied for weight tares, model support deflections,

tunnel flow angles, test section static and total pressure calibrations

and wall effects as applicable. Tare and interference corrections, as

determined with tailcone off in test 0A159, were applied to all data

(see Table IX).

Off-Line Reduction

Test data were batch-processed periodically on an off-llne computer

to compute hinge moment coefficients and control surface deflections.

Pressures from the scanivalves were reduced to standard pressure

coefficients by Cpi = (Pi - p)/q. Air data probe pressures were reduced

to the form Ap/q.
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DATA REDUCTION (Continued)

Tunnel Local Conditions

Based upon available tunnel calibration data, significant differences

in static, total and dynamic pressures exist throughout the region of the

test section occupied by the model. To adequately define the local

conditions at the forward and aft ends of the model, where the bulk of

the model measurements are made, separate corrections were applied at

these points.

The corrections applied at the front end of the model were based on

the results of a recent survey of that portion of the tunnel. The total

pressure correction was "as measured"; the static pressure correction

has been adjusted to comply with the aft tap readings of a Rosemount

standard static pressure probe, obtained in Test 0A237. (See Refer-

ence 6)

The corrections applied at the aft end of the model were based on

the original tunnel survey.

Static Pressure Correction

The static pressure correction at the forward end of the model was

expressed by:

KPF = (psp - p)/,%P55

KPF = -0.0000325 %P55 - 0.0495

Static pressure in the vicinity of the model base was expressed by:

KpA = -0.05
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DATA R_IDUCTION (Continued)

Total Pressure Correction

The total pressure correction at the forward and aft ends of the

model, respectively, vas defined by:

KPT = (PT - PTREF)/AP55

KP_F = °'°14a [i + (Ap55 - i°°)2]1/275,233

KPT A = 0.096 + O.ll/AP55

D_namlc Pressure Com2utation

The dynamic pressure corrections at the forward and aft portions of

the model followed directly from the corresponding static and total

pressure corrections and were a function of angle-of-attack at the

forward end. The corrected dynamic pressures at the forward and aft

model regions, including compressibility effects were, respectively:

qF = AP55 (i + KqF) - Aqn

KqF = Kp F + KPTF

qA = AP55 (i + KqA) - Aqn

KqA = KPA +KPTA

Ap55 = Kmp55 (+) (RAp55 - RmP55o)

Pressure Coefficient Data

Forebode,, Surface/ RCS Cavity and Nose Gear and Door Pressure Coefficients

Pressure measured at the forebody flush taps, the forebody RCS

cavities, and on the nose gear and door were reduced to standard pressure

coefficients by:
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DATAREDUCTION(Continued)

Forebody Surface, RCSCavity and Nose Gear and Door Pressure Coefficients
(Continued)

CP i

Api

i

= Api/q F + (KPF)(AP55/q F)

= Ksv( )(RSV- P Vo)

= 68 - 92, Iii - 198

Elevon, Fuselage Base, Vertical Tail Seal Post and Ta_l Cone Pressure
Coefficients

Pressures sensed on the elevons and flapper doors, on the heat

shield, on the aft face of the OMS pod, in the MPS and GMS engine nozzle

and the vertical tail seal post were tubed to a scanivalve which could be

interchanged with a head t_oed to the tailcone pressures. Thus either

one set of pressures or the other were read by the given valve. The

pressures were reduced to standard coefficient form by:

Cp i = Api/qA + gpA

Ap i = KSV(_) (Rs¥ - RSVo)

i = i - 31, 93 - 96, 256 - 375

FT and ADS Probe Pressure Ratios

Pressure differentials measured on the flight test (FT) and side

(ADS) probes by individual pressure transducers were computed by:

APi = KApi(_) (P_pi " RApi o)

where:

i = 5O - 67

and nondimensionalized to the form Api/qF_
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DATAREDUCTION(Continued)

FT and ADS Probe Static Pressure Coefficients (CPSX)

Pressure measured at the static pressure ports of the FT and ADS

probes were reduced to standard pressure coefficient form'by:

(psx - psp) psp,- p,

Cps x = +
qF qF

(cPsx)

ApSB
--+ (KpF)(Ap55/qF)

CpsF = qF
(CPSF)

AP59 + (KPF)(_P55/qF) (CPSL)
Cps L =

Ap60

-- -- + (KpF)(ApS_/qF) (CPSR)CpsR qF

Cps A = 1/2 (Cps L + CpsR) (cP_)

FTandADS Probe Total Pressure Coefficients (CPTX)

Pressures measured at the total pressure port of the FT probe and

the center ports of the ADS probes were reduced to standard pressure

coefficient form by:

ptx - ptref ptref - psp psp - p
: + + (cPTx)

Cptx qF qF qF

-- +- + (CPTF)
Cptf = qF qF \ J\-_F/

A 57 ÷IKpFI  551
CptL - qF qF \ / \-_-F/ (CI_fL)

CptR - qF + q--_"+ \-_-F/ (CPTR)
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DATA REDUCTION (Continued)

FT and ADS Probe Total Pressure Coefficients (CPTX) (Continued)

Cpt A = 1/2 (Opt L + CptR)

Model Control Surface Deflection and Hinge Moment Coefficients

(Cl_A)

Individual Speed Brake Panel Deflection An61es in Hin6e Line Plane

(DELSXP)

The deflections of the individual speed brake panels, as measured

about the hinge line, were computed by:

8'SX = K6SX(RSSX - RSSXo) (degrees)

X = i, 2, 3, 4

Total Speed Brake Deflection (SPDBRK)

Speed brake deflection was defined as the sum of the left and right

panel displacemenZs from the closed condition, as measured in a water

plane.

-i[ (8SI + 8S2 + S_ +8S4) 1 (degrees)6SB = 2 tan cos A tan h

Rudder Deflection (RUDDER)

Rudder deflection was defined as the difference of the left and

right speed brake panel deflections from the closed condition, as

measured in a water plane.

6R = tan-l[cos A tan (SS1- 8S2 +8S_4 -8Sh)] (degrees)

Individual Speed Brake Panel Hinge Moment Coefficient (CHSX)

The net aerodynamic hinge moment coefficient of each speed brake

panel was computed by:
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DATAREDUCTION(Continued)

Individual Speed Brake Panel Hinge Moment Coefficient (CHSX) (Continued)

1

Chsx = qASsCs (mSX - mSXT)

where: mSX

mSX T

where: Wslds1 = 97 ft.lbs.

Ws2ds2 = 90 ft.lbs.

WsBds3 = 140 ft. ibs.

Ws4ds4 = 125 ft. ibs.

= Kmsx (Rmsx - Rmsxo ) (ft'lb.)

= Wsxdsx sin (_u + 34"8°) sin 8'SX (ft. lb. )

Total Speed Brake Hinge Moment Coefficient (CHS)

The hinge moment coefficient of the total speed brake was the sum

of the coefficients of the individual panels.

Chs = Chs I + Chs 2 + Chs3 + Chs 4

Rudder Hinge Moment Coefficient (CHR)

Rudder hinge moment coefficient was defined as:

Ch R = Chs2 + ChS _ - Chs1 - Chs3

Body Flap Deflection Angle (BDFLAP)

The deflection of the body flap was computed by:

8BF = KSBF (R6B F - RSBFo) (degrees)

Body Flap Hin6e Moment Coefficient (CHBF)

The net aerodynamic hinge moment coefficient of the body flap was

computed by:

1

ChBF = qA SBF dBF (mBF - mBFT)
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DATAREDUCTION(Continued)

Body Flap Hinge Moment Coefficient (CHBF) (Continued)

where: mBF = KmBF (RmBF - RmBF o)

= WBFdBF Icos (_u + 8BF) -i I ,mBFT

where: WBFdBF = 470 ft.lbs.

Individual Elevon Deflection Angle_ (DELEX)

The deflections of the individual elevon panels, as measured in a

butt plane, were calculated by.-

SEX = KSEX (RSEX - R6EX o) (degrees)

Nose Gear Hinge Moment Coefficient (CHNG)

The net aerodynamic hinge moment of the nose landing gear about its

trunnions was reduced to coefficient form by:

ChNG = (mNG - mTNG)/qFS_B

where: mNG = KNG (RNG - RNGo)

mTN G = 0.2879_u (Empirical)

Nose Gear Door Hinge Moment Coefficient (CHND)

The net aerodynamic hinge moment of the nose landing gear door was

reduced to coefficient form by:

ChND = (mND - mTND)/qF S_B

where: mND = KND (RND - RNDo)

mTN D = 0 (Empirical)

Data Processin_ by Dataman

After the test was completed and a determination of data correct-

ness was made, a data tape was prepared by ARC in a format acceptable to
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DATA_CTION (Continued)

Data Processin_ by Dataman (Continued) ..... .....

Chrysler/Dataman. This tape contained all valid data gathered during the

test as computed in the on-line and off-line processing. Dataman further

processed the data as described below:

Force Data Processing

Tunnel Blockage Correction

Tunnel blockage corrections were applied to the force and moment

coefficient data. This was done at the request of Rockwell International

per instructions provided in Reference 7.

Fuselage Base Pressure Corrections (CAB)

The pressure distribution on the fuselage base was adjusted to the

freestream static pressure value by:

i _

CA B = - _ _ AB i x Cpi

i=l

Forebody Lift and Drag Coefficients (LF) and (DF)

Adjusted values of lift and drag coefficients were computed by."

CLF = C L ; CDF = CD - _CDB , where: _CDB = CAB cos

Lift/Dra_ Ratios (L/D) and (LF/DF)

Ratios of llft to drag were computed using both total and forebody

coefficients:

--c JCDJ --CLF/C 

Center of Pressure (XCP/LB)

The center of pressure of the model due to normal force was computed

by:
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DATA[{EDUCTION(Continued)

C_.nter of J'ressur,: (XCP/LB) (Continued)

1

XCp/_B = _ (XcG - Cm _/CN)

Pressure Data Proces -_s_nh_'_

Flight test probe pressures were reduced to probe measured angles-of-

attack and sideslip using calibration factors given in Reference 4 inan

iterative digital computer routine: as follows:

ET Probe Local Angle-of-Attack and Sideslip WRT Probe _ (AFP), (BFP)

A_ = am = f_F(_V, MAC_)

BFP = _FP = f/_F(RBF,M_%CHFL)

I both with respect toprobe centerline

where:

RAF _ PFA - PSF

PTF - PSF

PFB - PSF
RBF =

PTF - PSF

MACHFL = -2/7]-l

f_F = relationship between _F and RAF varying as a func-

tion of _F and Mach number; results of Rosemount

Corp. calibration of the flight test probe as

given in Reference 5; used in Dataman computer

routine which simultaneously solved _F and _F by

first interpolating the calibration to the

appropriate Mach No., then used RAF and f_F in

conjunction with RBF and f_F in an iterative

process to converge on a solution for _ F and B F

relationship between _F and RBF varying as a

function GF and Mach number; results of Rosemount

Corp. calibration of the flight test probe; used

in conjunction with f_F as described above

*Reference 8 contains the data produced.
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DATA R_)UCTION (Continued)

Flight Test Probe!ndi.cated 0rbiter Angle-of-Attack and Sideslip (AF),

(BF)

AF = _F = _FP - iF_ (with respect to FRL)

BF = #F = _FP - iF# (with respect to FRL)

AF/A _F

Additional flight test probe parameters calculated were:

Full Scale Fli6ht Test Probe Vane Electrical Outputs to Air Data Computer

Angle-of-Attack0utput

(EAADC) = E_ADC = K_ADC (_F + 5o) + EO_ADC

Sideslip Angle Output

(EBADC) = E_ADC = K_ADC x _F + E°_ADC (volts)

Full Scale Flight Test Probe Electrical Outputs to Display Unit

Angle-of-Attazk Output

(EADiSP) = F_disp = K_disp (_F + 5° ) + Eo_disp

Sideslip Angle Output

(EBDiSP) = E#dis p = K_dis p x _F + EoBdlsp

Flight Test Probe Total Pressure Decrement (PTFDEC)

ptf - p% (Ptf - Ptref)/qF - (pt - Ptref)/q F

ptf - psf

(volts)

(volts)

(volts)

(ptf - psf)/q F

Ap56/q F - (KptF) (Ap55/q F)

Ap52/q F
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DATA _DUCTION (Continued)

Flight Test Probe Static Pressure Decrement (PSFDEC)

psf - p

ptf - psf

(Psf - Psp)/qF + (Psp " P)/qF

(Ptf- Psf)/qF

_p53/q F + (KpF)(AP55/q F)

Ap 2/qF

Earl0 Fli_ht Test Probe to Freestream Compressible D_namic Pressures

(QcF/Q6)
(ptf- psf)/q F

qcf/q c --
(Ptref PsP)/qF + (pt - Ptref)/q F + (psp-P)/qF

__   P52/qF

AP55/qF + (KqF)iAP55/qF)

Ratio of Fli6ht Test Probe to _reestream Total Pressures (PTF/PT)

(Ptf'P_ref)/qF+(Ptref'Psp)/qF+(Psp-Patm)qF+Patm/q
Ptf/Pt =

(Ptref-Psp)/qF+(Psp-Patm)/qF+Patm/qF+(pt'Ptref)/qF

Ap56/qF + Ap55/qF + AP54/q F + Patm/qF

Ap'55/qF + AP5_/qF + Patm/qF + (Kpt)(AP55/qF)

Ratio of Fli_ht Test Probe to Freestream Static Pressures (PSF/P)

psf/p
(Pf " Psp)/qF + (Psp - Patm)/qF + Patm/qF

(Psp - Patm)/qF + Patm/qF - (Psp - P)/qF

AP53/qF + AP54/qF + Patm/qF

Ap54/qF + Patm/qF - KP F x AP55/q F

Air data system pressures were also reduced to probe measured angle-

of-attack. Pressures measured by the right and left probes were used

together in the following manner to provide reduced data:
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DATAREDUCTION(Continued)

ADSProbe Local Angle-of-Attack with Respect to Probe _ (AXP)

ADS probes on the left and right sides of the model were equipped

with duplicate instrumentation. Parameters were computed individually

for both probes, (L) and (R) and these results also averaged (A).

pa_ - pau

(BAX) = (ptx - pa_) + (pa_- pau)

2

AXP = _ADSx = f_XADSx(RAX) (degrees) _

X = L, R, or A

Ap63/qF
L.R. Probe (RAL) =

Ap61/q F + 1/2 Ap63/q F

(ALP) = _ADSL = f_L(RAL) (degrees)

A26_/o_

R.H. Probe (EAR) = ap627qF + 1/2 ap6_/q F

(ABP) = &ADSR = f_R(RAB) (degrees)

Average (AAP) = _ADSA = 1/2 (_ADSL +GADSR)

Where GADSL and _ADSR were determined by an iterative computer routine

using calibration tables given in Beference 5.

Ratio of ADS Probe Local Angle-of-Attack to Model Ar_le-of-Attack (AXP/A)

L. H. Probe (ALP/A)

R. H. Probe (AEP/A)

Average (AAP/A)

_ADSL/_

_ADSR/_

+
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DATAREDUCTION(Continued)

ADS Probe Indicated Orbiter An61e-of-Attack (AS()

L.H. Prove (AL) _L = _ADS L - iA_ ]
i

R.H° Probe (AR) _R = _ADS R " iA_ _ with respect to FRL

JAverage (AA) _A = 1/2 [ _ + _R ]

Ratio of ADS Probe Indicated Orbiter Alpha to Model Alpha (AX/A)

L.H. Probe (AL/AI _T/_

R.H. Probe (AR/A) O_R/O_

Average (AA/A> 1/2 [(_L/_ ) + (_R/_)]

ADS Probe Total Pressure Decrement (PTXDEC)

ptx - pt

ptx - psx

(ptx - Ptref)/(pt- Ptref)/qF)
m.

(ptx - psx)/q F

L.H. Probe
Ap57/qF - (KptF)(AP55/qF)

(PTLDEC) = Ap65/q F

_%p58/q F - (Kpt F) (AP55/q F)
R._. Probe (FTRDEC) =

Ap66/q F

- + - pt

Avenge (PT ECl:  /21  t _ps\ptrps
L.

ADS Probe Static Pressure Decrement (PSXDEC)

psx - p

ptx - psx

(psx - psp)/qF + (psp - p)/qF)

(ptx - psx)/qF

L.H. Probe (PSLDEC)

R.H. Probe (PSRDEC)

AP59/qF - (KPF)(AP55/q F)

Ap65/q F

L_p60/q F + (KPF)(AP55/qF)

Ap66/q F
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DATA REDUCTION (Continued)

ADS Probe Static Pressure Decrement (PSXDEC 1 (Continued)

Average = i/2
ps_ - p psr - p

pt_ - ps_ ptr - psr

.Rati9 of ADS Probe to Freestream Compressible D_namlc Pressure (QCX/QC

qcx/qc
(ptx - psx)q F

(Ptref " psp)/qF + (pt - Ptref)/qF + (psp - P)qF

L.H. Probe

R.H. Probe

Average

Ap65/qF

QCL/QC = AP55/qF + (KqF)(AP'55/q F)

QCR/QC = Ap66/qF

AP55/q F + (KqF)(AP55/q F)

QCA/QC = 1/2 [(qJ/qc ) + (qcr/qc) ]

Ratio of ADS Probe to Freestream Total Pressure (PTX/PT)

ptx/pt = (ptx'Ptref)/qF+(Ptref'psp)/qF+(psp-Patm)/qF+Patm/qF

(Ptref'psp)/qF+(psp'Patm)/qF+Patm/qF+(pt-Ptref)/qF

Ap57/qF + Ap55/qF + Ap54/qF + Patm/qF
L.H. Probe PTL/PT =

AP55/qF + AP54/qF + Patm/qF + (Kpt)(AP55/qF)

R.H. Probe
Ap58/qF + Ap55/qF +AP54/qF + Patm/qF

PTRIPT = _P55/qF + APS&IqF + PatmTqF + (Kpt)(aP55/qF)

Average PTAIPT = 112 [(pt_/pt) + (ptrlpt)]

Ratio of ADS Probe to Freestream Static Pressure (PSX/P)

psx/p =

L.H. Probe PSL/P =

(psx - psp)/qF + (psp - Patm)/qF + Patm/qF

(psp - Patm)/qF + Patm/qF - (psp - P)/qF

AP59/qF + AP54/q F + Patm/qF

Ap5_/qF + Patm/gF " (KPF)(AP55/qF)
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DATA SEDUCTION (Continued)

Ratio of ADS Probe to Freestream Static Pressure (PSX/P) (Continued)

R.H. Probe PSR/P = _p60/qF + AP5_/qF - Patm/qF

AP54/qF + Patm/qF " (KPF)(AP55/qF

Average PSA/P = 1/2 [(psi/p) + (psr,/p)]

The following reference dimensions and constants were used in the

data reduction process:

Ite___m Description O._6-Scale Full Scale

ABi Fuselage base area (ft.)(MPS on) See Table VII 4hi.543

b Wing reference span (ft.) 28.100 78.057

Wing mean aerodynamic chord (ft.) 14.242 39.56

cBF Body flap reference chord (ft.) 2.430 6.750

cS Speed brake reference chord (ft.) 2.185 6.070

dRF Body flap weight arm (ft.) See Table X

dsx Speed brake panel X = i, 2, 3, 4 See Table X

weight arm (ft.)

EO_ADC Output of full scale Pr probe _ 2.30
pot to AirData Computer for vane

aligned with probe Centerline (volts)

EO_DISP Output of full scale FT probe G pot 3.3o
to cockpit display for vane aligned
with probe centerline (volts)

EO_ADC Output of full scale FT probe # pot 5.00
to Air Data Computer for vane aligned

with probe centerline (volts)

EO_DISP Output of full scale FT probe _ pot 7.50
to cockpit display for vane aligned

with pot centerline (volts)

ADS G probe calibration (See Reference 5)
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DATAREDUCTION(Continued)

Item

fa_

fBF

iF_

K_ADC

K_DISP

_DISP

KSBF

KSEX

K_SX

KmB F

Kmsx

Descriptio n

Flight test _ probe calibration

Flight test # probe calibration

O._6-Scale

(SeeRef. 2)

(See Ref. 4)

Incidence of _T probe to FRL (deg.) -5.0
positive nose up

Incidence of FT probe to model 0

(deg.) positive nose left of
centerline

Electrical output of full scale

flight test probe G pot to Air

Data Computer per degree of v_ne
deflection (volts/deg.)

Electrical outpu_ of full scale

flight test probe _ pot to cock-

pit display per degree of vane

deflection (volts/deg.)

Electricaloutput of full scale

flight test probes # pot to cock-

pit display per degree of vane

deflection (volts/deg.)

Electr_al output of full scale

flight test probes # pot to cock-
pit display per degree of vane

deflection (volts/deg.)

Body flap deflection cal.
(deg./ct.)

Elevon panel deflection pot

calibration factor (deg./ct.)

Speed brake panel deflection pot

calibration factor (deg./mv)

Body flap hinge calibration

factor (ft. lb/ct. )

Speed brake panel hinge moment

calibration factor (ft. lb./ct.)

See Table X

See Table X

See Table X

See Table X

See Table X

Full Scale

0.36

0.56

o.225

o.35

51



DATAR_UCTION(Concluded)

Item

KND

KNG

KpF,A

KptF,A

KqF,A

IB

MRC

S

SBF

Ss

WBF

W_sx

XCG

A

Description

Nose landing gear door hinge
moment calibration factor

(ft. Ib/ct.)

Nose landing gear hinge moment
calibration factor (ft. lb/ct.)

Tunnel static pressure correction
factor

Tunnel total pressure correction
factor

Tunnel dynamic pressure
correction factor

Orbiter reference body length (ft.)

(in.)

Model moment reference (ft,)

Center Xo location (in.)

Wing reference (ft2)

Body flap reference area (ft2)

Speed brake reference area (ft2)

Weight of body flap (lb)

Right nose gear door maximum

weight moment about gauged
section ft. lbs.

Nose gear maximum weight moment

about gauged section, ft. ibs.

Weight of speed brake panel:

X = i, 2, 3, 4, ibs.

Distance from nose IML to MRC (ft.)

(in.)

Sweep angle of speed brake _inge

llne (deg.)
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0.36-Scale

See Table X

See Table X

38.709

464. 508

32.3oo

387.605

348.624

17. 593

12.680

See Table X

See Table X

See Table X

See Table X

25.160

301.925

3_. 83

Full Scale

io7.525

].29o.3OO

89.723

1076.680

269O.O

135.75

97.84

69.89O

838.680

32.83



RESULTS AND DISCUSSION

Six major objectives achieved in these tests were:

i.

.

3.

2.

Orbiter Vehicle i01 stability and control force data -

tailcone on.

°

Control surface hinge moments.

Tailcone airloads.

Nose landing gear andgear door loads, _

Calibration of the baseline air data system with tailcone, ,

(flight test probe and side probes)_ and

Calibration of two alternate air data systems (nose flush

ports and instrumented RCS cavities).

In general, test results showed the following:

i, ADS probe data was in fair agreement with previous 4ata, with

good repeatability and agreement between left and right hand

probes.

2. Side probe static pressure exhibited an anomaly (bump) at

l0 degrees angle-of-attack, not seen in previous data.

3. Flight test probe _ata generally verified previous _ata

released to Rockwell Avionics.

.

.

,

,

Tailcone pressures compare8 well with 0A172 data indicating

no scale effects.

Pressure da_a on the nose wheel well landing gear door showed

good agreement with data from 0A163 which employed a 0.0405-

scale model.

Increased Reynold's number (from 12 to 26million based on

M.A.C.) showed:

a. Increased lift at high angle-of-attack

(AC L = 0.02 at _ = 20 ° )

b. Decreased zero lift drag ( ACDo = -0.0018)

Tailcone-off lift and pitching moment data agreed well with

previous Aero test data.
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RESULTS AND DISCUSSION (Concluded)

Tailcone-off drag data for 8SB = 25 ° and 8BF = 0 ° agreed well
with previous Aero test data. with 0A17h data slightly lower

( AC D = -0.0006)

9. Tailcone-off drag data for other speed brake and body flap

angles were lower than expected by as much as AC D = -0.9927.

10. Tailcone-on lift and pitching moment data agreed well with

previous Aero test data.

ii. Tailcone-on drag data were AC D = -0.0035 less than previous

test data for 8SB = 0 ° and 8BF = -ii.7 °.

Tailcone-on lateral-directional data showed an increase in

directional stability at low _ and a decrease at high _ when

compared to previous test data.

13.

lift effectiveness

drag effectiveness

pitching moment

hinge moments

Control surface effectiveness and hinge moment data when

compared to previous Aero test data, can be summarized as

follows:

BODY FLAP ELEVON RUDDER I SPEED BRAKE
I

unch_'lged[20_ increasereduced i0 to 50_ i_ increase

reduced 15 to 33% less for +_
more for -

increased 2.5 times 13% increase

reduced i0 to 40% i .....

IlO_ increase

Blockage effects were significant especially at high angles-of-

attack where the separated wake drag was large. (Table VIII

shows the applied corrections).
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TEST : OAIT_. ]
TEST CONDITIONS

DATE : 3-i-76

MACHNUMBER

.Ll._

•185

.e6_

REYNOLDS NUMBER

zo6 _eC.(a_.e)

12.0

18.5

DYNAMICPRESSURE

(pounds/sq.f't, .)

26.0

0 ¸

50

lOO

STAGNATIONTEMPERATURE

, (degrees Fahrenheit)

3ool,__12001,

I
t

BALANCE UTILIZED: 40' x 80' K_JLICE FRAME SYS_IM

LEAST C(XtWt
CAPACITY: ACCURACY:

LIFT t02,000 t 5

I.,II_ 102,000 + 5

DInS 3z,4oo -+I

FRORT SIDE FORCE 16 t400 + 1

HEAR SIDE FORCE 16, _00 -+ 1

l,'_]I'l'I_OLL 26,000 t k2

]_ ROLL 26,000 +

COMMENTS: Balamee forces In pounds and foot-pounds.

ICIENT
TOLERANCE:

AC L ,-+.0003

Ac D = 2.0ooo3

AcT - _+.00006

ACre = +.0003

AO. = t.0o0o2

Aq = +.00009

Coefficient tolerances are based on q = 100 psf.
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TABLE II (Concluded)

PRESSURE DATA - COMPONENT IDENTIFICATION

DATASET RNP$1A-IZ (exceptions: V,$=IIA-IIJ)

RNP$2A-2Z

RNP$3A-3Z

RNP$4A-4Z (exceptions: J,M,Q,S,U,W,Y)

RNP$5B-5Z (exceptions: N,O,P,Q,R)*

RNP$6A-6H

where

$ = A - wing/elevon top - CP for 2Y/BW vs. X/CW

B - wing/elevon bottom - CP for 2Y/BW vs. X/CW

C - flipper door top - CP for XO vs. YO

......n - flipper door bottom - CP for XO vs. YO

_-_'E -_ int_r-nav:_ty- CP for LOC vs. YO
F -fiUsh _os_e:statics - CP for SET vs. TAP NO

G forwa:rd RCS nozzle - CP for SET vs. TAP NO

H - vertical tail conical post - CP for B.P. vs. W.P.

I - tailcone - CP for X/LB vs. PHI

Wing/elevon, flipper door, and inter-cavity

pressures were not recorded for runs with

landing gear down. Datasets RNP$5N-5R con-

tain components F through I above, and J - N
as listed below.

J - nose gear strut - CP for ZG vs. PHI

K - left nose wheel - CP for YG vs. PHI

L - inner surface left nose gear door - CP for

Y/H vs. X/L

M - outer surface left nose gear door - CP for

Y/H vs. X/L

N - edge left nose gear door - CP for XO vs. THETA
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MO_EL COMPONERT:

TABLE III. MOI_L DIMENSIONAL DATA

-B69

GENERAL IESCRIPTION:

removed from Xo 562 to Xo 1307.

the IML on a 5 deg. angle.

MODEL SCALE: 0.360

DRAWING NUMBER: VC70-000002, MD-VTO BASELINE 7/19/74

Identical to B64, except the mld-bodyTPS has been

From these points, the TPS fairs into

DIMENSIONS: In. FULL SCALE MODEL SCALE

Ref. Length (IML) Xo 238 to 1528.3 1290.3 464.5O8

OML Max Width 262.718 94.579

IML Max Width 260.718 93-859

0ML Max Depth 248.575 89._87

IML Max Depth 2_6.575 88.767

0ML Fineness Ratio 5.1365 5.1365

IML Fineness Ratio 5.1525 5.1525

2
Area - Ft

Max. Cross-Sectional 340.820 _.170

(@ Xo 1_63. 316)
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TABLEiii. MODELDIMENSIONALDATA(Continued)

MODELCCMPONENT: CAN_ - C14

GENERAL DESCRIPTION: The canopy is that part of the forward fuselage

which covers the crew module. One inch TFS thickness on the canopy.

C14 is to the baseline definition vehicle configuration 5. MCR 200
_.7, 10117174

MODEL SCALE: O.360

DRAWING _: VC70-000002, MD-VT0 _sellne 7/19/74

DIMENSIONS:

Length (Xo 435.196 to 670.0), In.

Max Width x : 594.0, In.

FULL SCALE MODEL SCALE

234.8O 84.528

195.58 7o.4o9

WINDSHIELD PIAIES:

.7012 Xo - 0.2552 Yo - 6.1789 = 0

.5710 Xo - 0.5641 To + 32.7354 = 0

.2636 Xo - o.7564 Yo + 189.4094 = 0
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TABLEili. MODELDIMENSIONALDATA(Continued)

MODELCG_PONENT: DUCT- DT1

GENERAL DESCRIPTION: Simulated ram air duct in right-hand observation

window. Duct is a 90° pipe elbow used in conjunction with the smoke

removal system.

MODEL SCALE: 0.360

DRAWII_ NUMBER: ¥070-6138h0, V07o-310147

DIMENSI 0NS: FULL SCALE MODEL SCALE

Inlet DilL., (O.D. at inlet), In. 4.ooo 1.4_o

Max Keight (Top of base to duct

centerline at inlet), In.

Max Depth (Inlet plane to centerline

of base), In.

Area, 1"-. 2

6.75o 2.430

6.000 2.160

Max. Cross-S_ctiomal 33.283 4.313

Centerline of duct intersects top surface
of flange on windowpane at: Xo

Yo

Zo

559.70o 2Ol.492

- 11.754 - 4.231

498,972 179.63o

Centerline of duct canted 4.50 outboard from Window pane and 11.27 °

outboard from orbiter XZ plane.
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TABLE III. MODEL D_SIONAL DATA (Continued)

MODEL CCMPO_: ELEVON - E54

GENERAL DF_SCRIPTION: Elevon for Configuration 5, himgeline at Xo =

1387, elevon split line Yo = 312.5, 6.0" gaps, beveled edges and

centerbodies "GM]_'used on Wing W129. Ref. MCR 200, Rev. 7, 10/17/74.

MODEL SCALE: 0.360

DRAWLS3 NUMBER: VC70-000002 & MD-V70 Baseline 7-19-74

DIMENSIONS: FULL SCALE

Ref. Area, Ft2

Area, Ft2

Span (equivalent) (Yo= 121.73),In.
elevon root

inb 'd equivalent chord (Yo= 468.17), In.

elevon tip

Outb 'd equivalent chord

Bat! l_ovable surface chord/total
_urface chord

At Inb'd equiv, chord (Yo = 121.73)

At Outb'd equiv, chord (Yo= 468.17)

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of Area x _), Ft 3

Mean Aerodynamic Chord, In.

MODEL SCALE

210. O0 27. Z16

206.57 26.771

346.44 124.718

ll6.50 41' 94

55.219 " 19.879

o.2137 O.Zl37

0.3999 0.3999

0 0

- 10.056 - IO.056

O O

15_.668 71.88z

89.50 32.22
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELCOMPONENT:

GENERAL DESCRIPTION:

used _th ]6_"

MODEL SCALE:

DRAWING NUMBER:

DIMENSIONS:

Area, Ft2

0.360

V070-000002 & MD-V70,

Orbiter body flap configuration 5 (CNL) to be

KL Xo = I_32.0, ZO = 287, baseline MCR 200, Rev. 7,
• 10/ 7/ 4

Span (equivalent), In.

Inb 'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio movable surface chord/
total surface chord

At Inb' d equiv, chord

At Outb 'd equlv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (MAC X Tof_l Area),

Mean Aerodynamic Chord, In.

7/19/  

FULL SCALE MODEL SCALE

135.75 17.59

238.oo0 85.68

81.O0 29.16

81.oo 29.16

_3

0.0 0.0

0.0 0.0

0.0 0.0

916.313 _. 75

81.00 29.16

69



TABLE III. MODEL D_I_NSIONAL DATA (Continued)

MODEL COMPONENT:

GENERAL DESCRIPTION:

by a simgle trapezoidal-shaped flat plate.

MODEL SCALE: 0.360

DRAWING NUMBER: SS-A01223

DIMENSIONS:

Area, Ft2

Span (equivalent), In.

Inb'd equivalent chord, in.

Outb'd equivalent chord, In.

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

Ai Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of Area A _), Ft 3

Mean Aerodynamic Chord, In.

FLAPPER DOOR - I_I

Imboard elevon flapper door which is simulated

(_ta for one of two sides)

FULL SCALE MODEL SCALE

_.417 5.238

185.083 66.630

34.269 12.337

31.o47 _1.1"D'

0.0 0.0

- o.997 - o.997

0.0 0.0

lO6.O 4.946

31.472 11.33
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TABLEIII. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT:

GENERAL _ESCRIPTION:

by a single trapezoid_l-shaped flat plate.

MODEL SCALE: O.360

DRAWING NUMBER: SS-AOI_3

DIMENSIONS:

Area, Ft 2

Span (equivalent), In.

Inb 'd equivalent chord, In.

Outb' d equivalent chord, In.

Ratio movable surface chord/
total surface chord

At Inb' d equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline @ Xo 1369.625

Area Moment (PToduct of Area x _), Ft 3

Mean Aerodynamic Chord, In.

FLAPPER DOOR - FD2

Outboard elevon flapper door, which is simulated

(Data for one of two sides. )

SCALE MODEL SCALE

26.528 3._38

126.139 _5. _io

31.o47  .177

29.519 lo.6z7

0.0 0.0

- 0.694 - 0.694

0.0 o.o

66.958 3.124

30.289 10.904
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TABLE Iii. MODEL DIMENSIONAL DATA (Continued)

MODEL CEMPONENT: FAIRING - FRI2

GENERAL DESCRIPTION: Escape hatch hinge fairing. Two fairing,, each,

for both escape hatch doors (tot_l of four) located on upper orbiter

forebody, in front of observation windowm.

MODEL SCALE: O.360

DRAWING NUMBER: SS-AOI_7

DIMENSIONS:

Length, In.

Max Width, In.

Max Depth, In. (Occurs at Xo 538.FS)

2
Area - In.

Planform

Frontal

Centc_' of Hinge Fairing8 Xo

(planform view) TO

(to 1  our)

FULL SCALE MODEL SCALE

io.ooo 3.6oo

z.5oo o.9oo

z.125 O.765

25.ooo 3.2_o

5.313 0.689

534.75o 192.51o

t l?.z10 -+6.196

t 3o.989 t ii. 156
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TABLE iii. MODEL DIMENSIONAL DATA (Continued)

MODEL CGMPONEL_: L_NDING GEAR - GI8

GENERAL DESCRIPTION: Simulation of nose landing gear with gear doors

and associated struts and retracting haz_wm_e.

r

MODEL SCALE: 0.360

DRAWING NUMBER: SS-A01_22, SS-AOL_41

DIMENSIONS:

NOSE IAXDI_ GEAR

FULL SCALE MODEL SCALE

Number

Diameter, In.

Length, In.

•Exposed
Pivot Point to Wheel Axis

Pivot Poimt Location, In.

Xo

Zo

1

6.9_

76. s

375.5oo

298.ooo

WHEELB
Number

Diameter, In.
Width, In.
Axis Location, In.

Xo

Zo

2

32.000 ¸
10.000

374.2636
0.O

221.7o5

DOORS
Side

Number

Length, In.
Height, In.
Area, Ft 2
Himgeline Location (Hingepoints) FWD

xo 281.828
To

Zo

2

LI0.786
17.750
13.657

AFT

357.172
t a8.5oo

313.717 293.531

1

2.500

27.5O7

135.18o
Io7.28o

2

11.520
3.6OO

13_.735
O.0

79.81_

2

39.883

6.390

1.77o
FWD AFT

Io_.458 _28.582
t Io.26o
112.938 Io5.671

73



TABLEIIi. MODELDLMENSIONALDATA(Continued)

MODELCG_PONENT:

GENERALDESCRIPTION:

side of orbiter forebody.

simulated TPB.

MODEL SCALE: O.360

DRAWI/_ NUMBER: SS-A01_7

DIMENSI ONS:

l_mgth (Dia.), In.

Window Dia., In.

Gap Width, In.

A2ea - 1_,2

Max. Cross-Sectional

Location of center of hatch:

Xo

Zo

HATCH - HA1

Main ingress/egress crew hatch located on left

Hatch is simulated by cutting outlines in

FULL SCALE MODEL SCALE

48.ZZ2 17.36o

19.000 6.8_0

1.000 0.360

13.306 I.72

510.6L1- 183.820

368.000 132._80
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELCCMPONENT: KIBGES- HO1

GENERALDESCRIPTION: Nimgesfor the Csxgo Bay Doors.

e_ch side of the mld-fusels_e.

Thirteen on

MODEL SCALE: O. 36O

DRAWING _: SS-A01571

DIMENSIONS:

Le,gth (Streamwise), In.

Max Width

Max Depth

2
Area - In.

Max. Cross-Sectio_l

Frontal

Centerline of &ll hinges is located at Zo

Model statioml of cemterline of hinges

(_ a mght) xo

FULL SCALE

7.333

2.o833

2.5694

2.997

2.997

_20.000

602.306
669.806

737.3o6
783.556

850.6_

917.639

966.361

1033.389
1100.444

n_. 194

1204.194
1264.000

1297.000

MODEL SCALE

2.64

0.75

O.925

1.o79

1.o79

151.2oo

216.83o
241.13o
265.43o
zSz.o8o

3o6.z2o
330.350
3_7.89o
372.o2o
396.16o
4_.91o
_33.51o
_55.o_o
_66.92o
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TABLEiII. MODELDIMenSIONALDA_ (Continued)

MODELCCMPONENT: GKS PODS ((_L) - M18

GENERAL DESCRIPTION: Configuration 5 updated orbiter CWS pods -

short pod. Baseline definition MCR 200, Rev. 7, 10/17/74.

MODEL SCALE:

DEAWING NUMBER:

DIME_S IONS:

Length, In.

Max Width, In.

Max Depth, In.

Fineness Ratio

0.36o

VC7O-OOOOO2, VL70-O08410, MD-WTO, 7-19-7_

Xo 1311- 1511

Xp 304, Xo 1511

(xp 3o4, xo 1511)

Area - Ft2

Nax. Cross-Sectional @ Xp 304

FULL SCALE MODEL SCALE

eoo.oo 71.oo

135.75 _8.87

7h.5o 26.82

1.937 1.937

58.169 7.539
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TABLE iII. MODEL DI_4ENSIONAL DATA (Continued)

MODEL CC_fl?ONENT: (NZ NOZZLES - N_2

GENERAL DESCRIPTION: The two orbiter maneuverlmg system nozzles are

laval-bl_ll shaped and are located at the aft end of the _ pod. GNS

nozzles in stowed position are outboard 9 ° and down 7° from null position.

MOD_L SCALE: 0.360

DRAWING NUMBER: ¥C'(0-000002,

DIMENSIONS :

SS-AI2_O

FJLL SCALE _OD_ SCALE

MACE NO.

Length - In.
Glm_l Point to Exit Plane 56.ooo 20.16o

Diameter - In.
Exit

Throat

Area - Ft 2

Exit

Throat

Gimbal Point (Station) - In.

Left Nozzle

Xo
_o
Zo

50.000 18.ooo
27.778 lO.OOO

13.634 1.767

4.205 o.545

1518.00 5_6.480
+ 88.00 + 31.680
_92.OO x77.2o

_ight Nozzle

Xo

Io
Zo

- 88.00 - 31.68o

492.oo 177.12o

Null Position - Deg.
Left Nozzle

Pitch (Up)
_av (outbo_-e)

15°_9' 15°_9'
6030' 6°30'

]t_ht Nozzle

Yav board )

15°49, 15°g9'
6O3o, . 6030'
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TABLEili. MODELDIMENSIONALDATA(Continued)

MODELCfMPONENT: MPSNOZZLES- 194

GENERALDESCRIPTION:The main propulsion nozzles are imval-bell shaped

and are located on the aft planes of the orbiter. The dimensions are

external and not to be scaled for plume tests.

MODEL SCALE: 0.360

DRAWII_ NUMBER: WC70-000002, VLTO-0081_, _009169, SS-AOIaI6

DIMENSIONS: FULL SCALE
MAC_ NO.

MODEL SCALE

Length - In.
Gimbal Point to Exit Plane 156.69 56._08

Diameter - In.

Exit (O.D.) 93.75 33.75

Gimbal Point (Station) - In.

Upper Nozzle

Xo i_5.oo 52o.2o
To 0.00 0.0
Zo _3. oo 159.48o

Lower Nozzle

xo i_68.17o 5s8.541
Yo 53.oo 19.o8o
Zo 3_. 64 123.350

Null Position - Deg

Upper Nozzle
Pitch 16°0 ' Up 16°0 ' Up
Yaw 0.0 0.0

Lower Nozzle

Pitch i0.0 ' Up 10.0 ° Up

Taw 3.50utb'd 3.50utb'd
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TABLE ili. MODEL DIMENSIONAL DATA (Continued)

MODEL CGMPONENT: PROXE - PR I

GENERAL DESCRIPTION: Flight test boom and probe. Instrumentation

consists of pitot-static ports and side probes for alpha and beta

calibration. Temperature probe is simulated in mockup only.

MODEL SCALE: O. 360

DRAWING NUMBER: VLTO-32700IA, SS-A01204, Rosemount 00855-1153

DIMENSIONS:

Length (Centerline distance from probe
tip to nose OKL), In.

Max Width (Dis. at pierce point O_L), In.

Length (Exposed probe), In.

Fineness Batio

Area - In. 2

Max. Cross-Sectional

Centerline of boom intersects O_L

on Orbiter nose at: Xo
Zo

Centerline of probe at tip leading

edge is located at (In.) _ Xo

FULL SCALE MODEL SCALE

215.325 77.517

6.201 2.232

31._85 11.335

0.0288 0.0288

30.2O0 3.91_

238.067 85.704

3_9.o17 125.6_6

23.561 8.k82

330.251 118.89o

The centerline of the probe is at -5 deg. incidence with respect to the

model fuselage reference plane, with positive being nose-up. The

centerline of the boom and probe is coincident with the model plane of

symmetry.
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TABLE IIl. MODEL DIMENSIONAL DATA (Continued)

MODEL CG4POHENT: PROBE - P_

GENERAL DESCRIPTION: Air data system probe which is strut-mounted on

the right side of the orbiter forebody. Probe is instrumented as an

angle-of-attack sensor, and pitot-static sensor.

MODEL SCALE: 0.360

DRAWIS3 NL_4HER: Rosemount 00856-1948

OIMENSIONS :

Probe total length (Cemterline of base

to tip of probe), In.

Probe length (Tip of probe to L.E. of

strut), In.

Probe height (Centerline of probe to base
surface), In.

Strut Max. Thickness, In.

Strut chord length, In.

Probe dis. (Max cross-sectional), In.

Strut sweep angles, deg.:

Mounting base, dia., In.

Location of base center: X o

Yo

Zo

SCALE MODEL SCALE

Zl.347 4.o85

6.500 2.340

5.ooo 1.8oo

0.650 0.234

4.500 i. 620

1.000 0.360

- 3o.o - 30.0

- 3o.o - 3o.o

_. 5o0 1.620

302.056 108.7kO
-+ 52.994 ± 19.oo78

323.364 116.411

The centerline of the probe is at -i0 deg. incidence to the model fuse-

lage reference plane, as measured in a butt plane with positive being

nose-up. The probe centerline is positioned parallel to the forebody
local CML.



TABLE Iii. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: PROBE - PR6

GENERAL DF_CRIPTION: Air data system probe which is strutmoumted on

the left side of the orbiter forebody. Probe is instrumented as a

pitot-static sensor, a_d amgle-of-attack sensor.

MODEL SCALE: 0.360

DRAWING NUMBER: Rosemount 00856-1947

DIMENSIONS:

Probe total length (Centerline of base

to tip of probe), In.

Probe height (Centerline of probe to base

surface), In.

Probe length (Tip of probe to L.E. of strut)
In.

Strut max. thickness, In.

Strut ch_rd length

Probe diameter (Max. cross-sectlonal), In.

Strut sweep angles, L.E., Dog.

T.E., Dog.

Dia. of mounting base, In.

Location of base center: Xo

Yo
Zo

FULL SCALE MODEL SCALE

11.347 4.085

5.0oo 1.8oo

6.500 2.340

0.650 0.Z34

4.500 i.620

1.000 0.360

- 3O.O - 3O.O
- 30.0 - 30.0

4.500 1.620

302.056 108.7
+ 52.99_ ± 19.oo
323.364 i16.

The centerline of the probe is at -10 deg. incidence to the model fuse-

lage reference plane, as measured in a butt plane with positive being

nose-up. The probe centerline is positioned parallel to the forebody
local O_L.
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TABLEiii. MODELDIMENSIONALDATA(Continued)

MODELCCMPONENT: PROBE- PR9

GENERALDESCRIPTION:PRI flight test boomwith inntrumented flight

test probe removedand a rounded plug in=tailed in its place at the

forward end of the boom.

MODEL SCALE: O.36

DRAWING Nt_[HER: VLTO-3270OIA, SS-AO1204

DIMENSIONS:

Length (Centerline distance from plug tip
to nose (RL), in.

Max. Width (Dia. at GML pierce point), in.

(Length of exposed plug), in.

Fineness l_tio

Area - In. 2

Max. Crose-Sectional

Centerline of boom intersects (ML on
orbiter nose at: (in.)

Centerline of boom at plugged tip

leading edge is located at: (in)

FULL SCALE MODEL SCALE

184.951 66.582

6.201 2.232

1.Ill O. _OO

0.034 0.034

30.2o0 3.914

Xo 238.067 85.7o4

Zo 349.017 125.6_6

Xo 53.819 19.375

Zo 332.898 119.843

The centerline of the nose boom is at -5° incidence with respect to the
model FI_ (positive is nose-up). The centerline of the boom is coincident

with the model plane of symmetry.
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TABLEIIi. MODELD_KENSI0_L DATA(Continued)

MODELCOMPONENT: EUDDER- RI8

GENERALDESCRIPTION: The rudder is a secondary movable airfoil at the

trailing edge of the vertical fin, V23. Baseline definition configu-

ration 5, reference MCR 200, Rev. 7, 10/17/74. (0ML)

MODEL SCALE: 0.360

DRAWING NUMBER: VC70-O00002, and MD-V70-7/19/74

DIMENSIONS :

Area - Ft 2

Span (equivalent), in.

Inb'd equivalent chord, in.

Outb 'd equivalent chord, in.

Ratio movable surface chord/total
surface chord

At Inb'd equiv, chord ZV=80.496

At Outb'd equiv, chord ZV=279.110

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of Area & _), Ft3

Mean aerodynamic chord, in.

FULL SCALE MODEL SCALE

97.84 12.680

198.614 71.501

91.07 32.785

5O.8O 18.288

O. _00 O.

O.4OO O. 4OO

34.833 34.833

26.2_9 26.249

34.833 3&833

593.889 27.7o8

72.840 26.222
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELC_4PONENT: TAIICONE- TCI9

GENERALDESCRIPTION: Afterbody fairing used on Body, B69, for ferry
configuration drag reduction. Fairing extends from base heat shield and
encloses sides and trailing edge of the body flap. Tailcone extends from

model station Xolh66 to Xol900.

MODEL SCALE: 0.360

DRAWING NUMS_R: m_C V70-30-33O-02, SS-AOI538

DIMENSIONS:

Length (T,E. @ X o 1831), in.

Max. Width @ Xo 1523, in.

Max. Depth @ Xo 1466, in.

Area, ft. 2

Max. Cross-Sectional @ Xo1523

Frontal

_-TrLLSCALE MODEL SCALE

434.o 156.240

303.o 109.080

286 .o 102.960

504.6 65.396

469.9 60.899
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: wmucAL - v23

GENERAL DESCRIPTION : The vertical tail is double-wedge shaped and

mounted dorsally on the aft fuselage. It is to the baseline vehicle

configuration 5, Ref. MCR 200, Rev. 7, 10/17/74.

MODEL SCALE: O. 360

DRAWING NUMBER: VC70-000002 and MD-VTO, 7/19/74

DIMENSIONS: FULL SCALE MODEL SCALE

TOTAL DATA

Area (Theo.), ft 2
Planform 413.253 53.558

Span (Theo.), in. 315.720 113.659

Aspect Ratio 1.675 1.675

Rate of Taper 0.507 0.507

Taper Ratio 0.404 0._04

Sweep Back Angles, degrees

Leading Ed<e

Trailing Edge

0.25 Element Line

45.ooo 45.ooo

26.25 26.25
41.13 41.13

Chords:

Root (Theo.) WP

Tip (Theo.)
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

268.50 96.66

108.47 39. o49

199.81 71.932

1463.50 526.860
635.52 228.787

0.0 0.0

Airfoil Section

Leading WedGe Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge Radius

i0.00 i0.00

14.92 14.92
2.00 0.72

Void Area 13.17 i.7o7

Blanketed Area 0.0 0.0

R6
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TABLE iiI. MODEL DDi_NSIONAL DAT.% (Continued)

MODEL CCMPONENT: VE_T - VT I

GENERAL DESCRIPTION: Ov_l-shaped vent cut-out in TPS, which vents the

RCS area. One on each side of the forward fuselage.

MODEL SCALE: 0.360

DRAWT_NQ NUMBER: VC70-000007, SS-A01447

D_4ENSIONS:

Length

Max. Width

Max. Depth

2
Area - In.

Max. Cross-Sectional

Center of vent, In. Xo

Zo

FULL SCALE MODEL SCALE

4.86 1.75

4.oo 1.44

GMLto IML G_L to IML

16.006 2.074

384.80 138.528

371.40 133.704
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_L_BLEiII. MODELDI_NSIONAL DATA(Continued)

MODELCCMPONENT:

GENERALDESCRIPTION:

vents the cabin area.

fuselage.

MODEL SCALE: 0.360

DRAWING NUMHER: VC70-000007, SS-A01447

DIMENSIONS:

Length

Max. Width

Max. Depth

Area

Max. Cross-Sectional

Center of vent, In.

VE_2 - VT 2

Oval-shaped vent cut-out in simulated TPS which

One vent located on each side of the forward

X o

Zo

FULL SCALE MODEL SCALE

9.56 3.442

4.o0 i.440

QML to IML (_L to IML

3h.806 4.571

398.60 lh3. 496

374.5O 134.82O

C_



TABLEiiI. MODELD_ENSIONALDAT_%(Continued)

MODELCG4PONENT: Ta_.TLCO__ - VT7

GENERAL DESCRIPTION: Dual rectangular shaped cut-outs in the tailcone
GML which vent the internal structure of the tailcone: One outlet on

each side of the lower aft portion of the tailcone centerline as de-

scribed below. The outlets are covered with wire screen to prevent

foreign object Ingestation. ._.

MODEL SCALE: 0.36

DRAWING NUMBER: SS-A01538

DIMENSIONS:

DESCRIPTION

S_ COVEP_ED

i_SURFACE AREA -

IN. 2

OPEN SURFACE

AREA - IN. 2

FULL SCALE

600.00

AAl.O0

t
MODK5 SCALE I

77.78

BODY FLAP

TAILCONE

VIEW A-A
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: TAILCONE VENT - _T 8

GENERAL DESCRIPTION: Dual rectangular-shaped cut-outs in the tailcone

GML, which vent the internal structure of the tailcone. One outlet on

each side of the upper forward position of the tailcone centerline is

described below. The outlets are covered with wire screen to prevent

foreign object ingestation.

MODEL SCALE: O.360

DSAWING NUMBER: SS-A01538

DESCRIPTI0_

SCREEN COVERED

SURFACE AREA -
2

IN.

OPEN SURFACE

AREA - IN. 2

FULL SCALE MODEL SCAL_

2_U 39

B.L. 0.00

2"_ GA. 8 x 8WIRE

SC_ MZ:_H VIEW A-_

9O



TABLEili. MODELDIM}_SIONALDATA(Concluded)
MODELCOMPONENT: WING- WI29
GENERAL DESCRIPTION: The wing is the primary lifting device and is

mounted horizontally and is symmetric about the plane To--0. A cuff from

the fuselage to the wing leading edge @ Xo--940 to Yo=1084. Baseline
configuration 5, MCR 200 Rev.7, 10/17/74.

MODEL SCALE: 0.360
DIMENSIONS:

--_TA

Area (Theo.), Ft2

Plan form

Span (Theo.), In.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line
Chords:

Root (Theo.) B.P.O.0.

Tip, (Theo.) B.P.
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 }4AC
EXPOSED DATA

Area (Theo), Ft2

Span, (Theo.), In. BPI08

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 b/2
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

DRAWING NUMBER: VC70-000002 & MD-V70
FULL SCALE MODEL SCALE

2690.00 348.624

936.68 337.205

2.265 2.265

i. 1773 i.1773
0.2000 0.2000
3.500 3.500
o. 5oo o.5o0

45.00 45.oo

-lO.O56 - lO.O56

35.209 35.209

689.2429 248.127
137.8486 49.625
474.8117 170.932

1136.834 409.260
290.857 104.709

182.132 65.568

1751.50 226.994
720.68 259.445

2.060 2.060
0.2452 0.2452

562.090 202.352
137.8486 49.625

392.826 141.417
1186.50 427.150

293.683 lO5.726

251.769 9o.637
Airfoil Section (Rockwell Mod NASA) XXXX-64

o.1136 0.o$08

0.120 0.0432

145.4 18.844

500.0 180.oo0

lO84.o0 390.2/;0

Root b/2 =

Tip b/2 =

Data for (1) of (2) Sides
PlanformArea, Ft2

Leading Edge Intersects Fus. M.L. @ Sta

Leading Edge Intersects Wing@ Sta
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X/LB :

TAP

NO.

215

216

217

218

219

220

221

222

TABLE IV.

•997

l

ANGLE Xo
DES.

o 549.0

44.8

5o.1

1o1.4

i15.6

z33.8

149.1

z8o.o

TAP
NO.

223

224

225

226

227

228

229

23O

= 1.017

ANGLE

_?DES.

0

44.8

50.1

lO1.4

ll5.6

133.8

149. i

18o. o

Xo

558.o

TAILCONE PRESSUEE TAP LOCATION

MODEL SCALE

Yo Zo I

o.50o 98.502

45.168 98.502

47.075 lO4.639

46.215 153.319

5_.584 17o.152

44. 548 186.720

30.200 194. 461

O.500 186.588
J

MODEL SCALE

Yo

0.5oo

42.278

47.603

46.215

54.584

4_.547

30.194

0.000

Z o

lO1.426

lO1.426

104.198

153.319

17o. 152

186.719

194.450

186.588

180 °

J

90° ..... Zo

0 o

Looking
Forward

92



TAP

NO.

231

232

233

234

235

e36

e37

a38

TABLE IV.

= 1.o55

AI_LE

0

44.8

5o.1

ioi. 4

115.6

133.8

149. i

18o.o

x/u = 1.o94

NO. _ O D]_.

239 0
r

24o _ 44.8

241 50.1

24a ioi. 4

243 I15.6

244 I 133.8

2 45 149.1

246 18o.o

TAILCONE PRESSURE

X o

576.0

TAP LOCATION (Continued)

MODEL SCALE

f
Yo i

i

o. 5oo

36.470

43.717

45. 456

53.656

43.645

29.446

0.500

Zo i

107.275

107.275

zo7._47

153.166

169.708

185.854

193.200

185.716

X o

594.0

MODEL SCALE

Yo

o.5oo

3o.485

36.715

Z o

113.302

113.302

113.302

41.6 i0 152.39o

49.132 167. 540

39.945

27.167

0.500

182.3o5

189.392

I 182.856
] .....................

180 °

i

90o ........ F--i- Zo

t

0 o

Looking
Forward

9.3



_ TAP

NO.

247

248

249

250

TABLE IV.

= 1.249

A LE
DEG. X°

0 666.0

44.8 I
5o.z

18o.o I

TAILCONE PRESSURE TAP

MODEL SCALE

Yo Zo

o. 50o 142.419

io. 507 142.419

12.654 142.419

0.5OO 161.649

LOCATION (Concluded)

x/_ = 1.28o

TAP A__LE

No. 0 ram.

251 0

252 44.8

253 lOl.h

254 18o.o

x /L_ = 1.287

TAP ANGLE

_o. _ DEG.

255 o

X o

680.15

X o

684.o

MODEL SCALE

Yo

0.000

3.827

9.666

o.5oo

Z o

149.1h6

149.146

154.949

156.708

MODEL SCALE

Yo _ Zo

0.500 153.000

900 ....

180 o

I

/

Oo

Looking
Forward

m Zo
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o

0

J

0
0
O_

c;

0
tl%

0
0
oO

J

J

0

J

u'xcO

o_,_,0

(_('u

(:0,-4

(_lOJ

u'_cO
',D(_

Cti C_i

',D

O'xoJ
_DO
OJc_

0

',DO

t'--O

t'-O

t

_'--0

t'--O

OJ0q

_0_
_-0
O_q

_rxcO
_-0
OJ_q

_-0

i

o0_

!
I

OJ_q

"I

0_

I

OJcr_

LrxaO

0_

oO ,--4
_0_

• • • • • • • •

0
0

95

_"_

H

"t_ X '

Or

0 .C) _Z)
,.- (.,r"o,"

0
.-zIIu'-,,.0

C 0¢" ('_

0 COlO _ 0

v
0 _

0

I-t

° O_ _q_



®

.29o
I

._9
I

.1,69
I

• 469
I

.469
I

.623
I

.623!
I

• 623
I

• 623
I

-619

.6_9

.675
I

.675
f

•7o9
I

.7o9
I

• 709
1

®

x/c

.90
1

.95
1

.93

I
.95

I
1.00

i
.8o
t

.85
I
.9O
i
.95
i

i.OO

I
.80

I
•$5
i

.95
I

1. O0

t
.80

i
.95
I

.80

i
.95
J
.775
I

.85
i

.95
!

TABLE V.

® ®

286.21

1
251,.22

156.9o

®x®
X-dist.

_/ELEVON PRF_SSITEETAP LOCATION

(Q°ntinu 5_) _

L.E. REF.
_.s. ® +® _ SPAR ®- ®
Xo Xo Xo STA. AX-dist.

257.59
I

271.90
I

228.80
I

24L51
t

25 h. 22
I

125.521
133.37

25i'21

l
285.29

378.18
i

511.80
1

526.n
f

514.o9

526.8O
I

539.51
I

503.70

I
511.55

I
141.21

'1149. io
L It

l
519.39

I
527.28

t

12_,.51
r
i
L
I

119.33

llh. 15

i07.1,3

156.90
t

99.61
I

105.83
I

I l
i18.28

i
124.51

95.
I

113.36
I

91.32
i

108. b,4

i
83.26

I
91.32

J
102.06

I

_i0.36

i41_,.76

i

;

J

535.o8
I

505.57
i

5 ii. 79

i
524.21,

1
530.47

i
505.82

l
523.72

1
506.08

I
523.2O

i

503I. 72

511.78

I
522.52

I

20.90
I

35.21
J

23.19

I
35.90

48[30

13!60

29[65

28[ 49

I
36.38

i

1,3[75

i
ih.67

I
2o.89

i
33.31,

39[ oo

11,[92

i
32.82

I
15.18

I
32.30

I
]3.12
I

20.88
I

31.62

J

®

28.9o
!
i

54.00
i

79.oo

lO5.OO

i

109.40

113,4o

119.5o

TAP

NO.

256
289
257
290
258
291

259
292
263

293
261
294
262
295
263
296
261,
297
265
298
266
299
267
3")0
268
3Ol
269
3)2
270
303
271
3o1,
272
3o5
273
306
271,
307
275
338
276
3o9

96



0

•7o9

I

•83o

I

•830

i

•830

I
.830

I

•830

i
.951

I
.951

I
.951

I

.951

I

i. 000

I

i. 000

I

TABLE V.

@

x/c

1.00

l

.75
I

.85

I

.9o

I

.95

I
i.O0

I

.7o
I

•80

I

.9O

i.OO

I

.75

I

.9o
I

WING /ELEV ON PRESSURE TAP LOCATION (Concluded)

@ ® @ @ ® ® @

®x®
Xo

@ + (_) AFT SPAR

Xo Xo STA.

527i89

503.44

I
511.77

I

515.93

I
520.10

I
524•26

1
503.8o

I
509.42

I

515.05

I
520.68

i
509.22

1
516.67

I

CKORD

LENGTH X-dist.

I
lO7.43 f lO7.43

I I
83.30 _ 62.48

i I
70.81

I i74.97

I 83!3o

i

56.28: 39!4o

, t
i _5.o2

i 5o.65

! i
56.28

d i i

49. 63 37.22

I z_4.67i i

42o.46
I

1
I

l

464. _o

i

I

I
1 I
472. O0

i _9o. 9ot

(D-@ B.L. TAP
AX-dist. Yo NO.

36.

1
:1.2.

I
20.87

I
25. )3

I
29.20

32[63

I
12.9o

I

18.52

24! 15

I
28.78

1
18.32
I

251.77

38 119.5)

I

90 140.o0

16o. 28

4

t
168• ho

277

310
278

311

279

3_2
280

313
281

314
282

315

283

316
284

317
285

318
286

319
287

320
288

321
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TABLE VI. SCANIVALVE CONNECTION SCHEDULES

Module No. 1

Pref = Psp

I T I

1

2

3

I

6

7

8

9

lO

ll

12

13
14

15

16

17

18

19
2O

21

22

23

24

48

1

2

3

4

5

6

7

8

9

lO

! ii
I 12

13

14

15

16

18

19

2O

21

22

23

Ps mng static (Psp)

Pr Ring Total (Ptref)

PcalPCAL

68 Flush ADS

69 f
b

70
i

71

72

73

74

75

76

i 77

78

79

80

81

82

83
84

85

86

87

88

25 24 89

26 25 90

27 26 91

28 27

29 28 199

30 29 200

31 3O 201

32 31 202

33 32 203

34 33 204

35 34 205

36 35 206

37 36 207

38 37 208

39 38 209

40 39 21o

41 4O 211

41 2L_

43 42 213

44 43 214

45 4_

46 45

47 46

48 47

Flush ADS

Forward RCS

Open
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TABLE VI. SCANIVALVE CONNECTION SCHEDULES (Continued)

Module No. 2A

Pref = Psp

1

2

3

5

6

7

8

9

lO

5

6

7

i 8

9

ll i0
I

12 Ii

13 12.

l_ ' 13

15 14

16 15

17 16

18 17

19 18

20 i 19

21 20

22 21

23 22

24 23

48 Ps Ring Static (Psp)

1 Pr Ring Total (Ptref)

2 Pca_ PCAL
3 BI! Fuselage Base

4 2 I
3 !

I
4 i

5

6 Bad

7

8

9

i0

ii

12

13

14

15

16

17

18

19

20

21

Tap (Broken)

25 '1' 24 ]322

i2(_ 25 23

2_' 26 24

28 '! 27t 25
I

29 J 28 _ 26

30 29 27

31 ' 3o_ 28

33 I 321 30

34! 33 I 31

35 ,i 341
36 i 35,,
37 , 361

38 , 37 I

39i 38i

AO i 39 14_I 4o

43 I 42144_ 43

46 45

47 46

48 47

Fuselage Base:

_r

Open

I r

,q9



TABLEVI. SCANIVALVECONNECTIONSCHEDULES(Continued)

Module No. 2B

Pref = Psp

1
2
3

4

5

6

?

8

9 8

lo 9

ll I lO

12 li

13 I ].2]._ 13

15 ]._

161 15 227

iT! 16 228
18 z? 229

19 18 230

20 19 231

2z 20 232

22 21 233

23 22 234

24 23 235

48 Ps Ring Static (Psp)

i Pr Ring Total (Ptref)

2 Pcal PCAL

3 215 Tailcone

4 216

5 217

6 218

7 219

22O

221

222

i223

224 i

225

226

I

25

26

27
28

29

30

3z

32

33

34

35

36

37

38

]39
4O

42

1,1,

45

1,8

24 236

25 237

26 238

27 239

28 24O

29 241

3o 242

31 243

32 244

33 245

34 m46

35 24?

36 248

37 249

38 250

39 25l

4o 252

' 4.1 253

43 255

_5

46

47

Tai icone

,f

I00



TABLE VI. SCAN!VALVE CONNECTION SCHEDULES (Continued)

Module No. 3A

Pref = Psp

_o_ _

5

6

7

8

9

lO

ll

12

13

lh

15

16

17

18

19

2O

21

22

23

24

i!48
2

3

4 3

i 4
5

, 8

9

10

11

12

13

i l4
!15
!

i ].6

18

I 19

2o

21

22

23

Ps Ring Static (Psp)

1 Pr Ring Total (Ptref)

2 Pcal PCAL

iii L. Nose Gear Door

112

113

114

115

116

i17

118

ii9

12o

121

122

123

125

126

_7

128

129

13o

131

I

4
I

Bad Tap (leaks)

i

i

!
i

r

O_

25 21,

26 25

27 26

28 27

29 _ 28

3o 29

3]- i 3o
32 31

33 32

3_ 33

35 !34

36 13537 36

38 i 37

39 138

4o 39

41 40

42 ' 41

43 i 42

44 i 43

45 i 44

_6 45

1,8

d

132

I 133

134

135

136

137

138

139

].4O

141

].42

143

145

].46

147
148

149

15o

I151
1152

153

:]54

155

L. Nose Gear Door

I
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TABLE VI. SCANIVALVE CONNECTION SCHEDULES (Continued)

Module No. 3B

Pref = Psp

i 48 Ps

2 i Pr

3

4

5 4

6 5

7 6

8 7

9 8

io 9

ii I0

12 ii
4

131 12

i_ i 1315 I_

16i 15

16
18i 17

!

191 18

20 I 19
21 20

22 21

23 22

24 23

Ring Static (Psp)

Ring To_al (Ptref)

2 Pcal PCAL

3 256

25'7

258

259
260

261

262

263

26h

265

266

267

268

269

270

271

272

273

274

275

276

Upper Elevon Yo=48.9

fi

Yo=54

1
Yo =79

I

To=lOS

r
i

Yo-lO9. _,

, I
Yo=ll3.8

Yo=ll9.5

_ z

25 24

26 25

27 26

28 27

29 28

30 29

31 30
32 31

33 32

34 33

35 3_

36 35

37'36

38 37

39 38

4O 39

4lifo

42 41

43

44 43

45 44

46 f45

48 '47

277 Upper ElevonYo=llg.5

278

279

280

281

282

283
28_

285

1286

287

288

289

290

291

292

293

294

295
296

297

298

299

300

Yo=l_0

i

• I r '. : •

Yo=160.3

l

i

i'
Yo=168. h

Lower Elevon Yo=_8.9

Yo=54

I F

[ Yo=79

,r
Yo=105
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TABLE VI. SCANIVALVE CONNECTION SCHEDULES (Continued)

Module No. 4A

Pref = Psp

1 48

2 1

3 2

4

5

6

7

8 7

9 8

io 9

ii i0

12 Ii

13 12

14 _ 13

15 14

16 15

17 16

18 17

19 18

20 19

21 20

22 21

23 22

24 23

3

4 157

5 i 3.58

6 159

16o

161

162

163

164

165

166

167

168

169

17o

171

172

173

17 b,

175

176

Ps Ring Static (Psp)

Pr Ring Total (Ptref)

Pcal PCAL

156 L. Nose Gear Door

Nose Gear

F
i

l

l

°
'I

25! 24

26 I 25
27 26

28 27'

29 28
t

30 29

31 30

32 31

33! 32
341 33

t

35 34

36 35

37 36

38 37

391 38

4o I 39

41 4o

43
43

45 44

45

AT 46

_8 AT

177

178

179

180

181

182

183

184

185

186

187
188

189

19o

191

192

193

194

195

196

197

198

8

Nose Gear

Open

Open
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TABLE VI. SCANIVALVE CONNECTION SCHEDULES (Continued)

Module No. 4]3

Pref = Psp

1

2

3
4

5

6

7

8

9

LO

Ll

12

13

z4

15

17
z8

19

2O

21

22

23

21,

48

1

2

3

4
J

5

i7

9

lO

In

].3
14

z5

].6

17
18

z9
2O

21

22

23

P8

Pr

Peal

3oi

3O2

3O3

3O4

3O5

3O6

307

3O8

3O9

310

311

3Z2

313

314

315

316

317

318

319

B2o

321

Ring Static (Psp)

Ring Total (Ptref)

PCAL

Lower Elevon Yo=105

Yo=109.4

Yo=ll3.8

Y
Yo=ll9.5

I!
Yo =140

I

V
Yo:160.3

I
[

i Yo=168.4

V Y

25 24

26 25

27 26

28 27

29 28

30 29

31 30

32 3l

33 32

34 33

35 34

36 35

37 36

38 37

39 38

4o 39

41 4o

43

4-4 43

45 44

46 _'5

47
48 _7

322

323

324

325

326

327

328

329

33O

331

332

333

334

335

336

337

338

339

34l

342

343

345

Flapper Door Yo=5 h
Upper Surface

4 :

Yo=79i

i
i'i

I Yo:105

I r

Yo:ll9.5

Yo=lhO

Yo =160. 3

I r I'

FLowlapperDoor Yo:54
er _urrace

I
Yo--79

I04



,.?/-

Pref

I 148

211

6 5

7 6

8 7

918

lo 9

ll 10

12 11

13 12

14 13

15 14
I

16 I15

1T!16
18117
19 jl8

20 ll9

21 2O

22 !21

23 22

2_ 123

TABLE 9-1. SCANIVALVE CONNECTION SCHEDULES (Concluded)

Module No. 5

Ps

Pr

Pcal

346

347

348

349

35O

351

1352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

Psp

Ring Static (Psp)

Ring Total (Ptref)

PCAL

Flapper Door
Lower Surface Yo =105

i'
Yo=llg. 5

t

[ 1,
I

Yo=140

Yo=160.3
r
i

I' '!
Elevon Cavity Yo=54

!

I Yo=79

Yo=105
!
I

[

I

25 24

26 25

27 26

28 27

29 28

30 29

31 30

32 31

33 32

34 I. 33
}

35 34

36 35

37 36

38 37

39 38

4O 39

41 4O

43 42.

4_ 43

45 44

46 45

47

47

367

!368

369
i
137o

371

i372
373

37h

375

i
V93

V94

V95

v96

Elevon Cavity Yo=i19.5

Open

I r

Yo=140

Yo=160.

Vertical

r
i

_r

i

3

lq5



_ _I. _E_E _EPEESSUEEAHFAS

', c.'

1

2

3
4

5
6*

?
8
9

lO

ii
12

13
14

15
i16

17
18
19
20

21

22

23
24

25
26

27
28

29
30
31 I

TOTAL AREA

AREA,me
MODEL SCALE

N Um ON)

0

2.094
1.728
2.572
BODY FLAP

0

4.466

0

2._81
1.838
i.838
3.525
4.079
BODY FIAP

6.745

2.350
i.94_
o .867
0.867
0.867
0.867
0.627

1.336

1.336

1.336

1.336

2._5
2._5
2.4a5
2._5
2._5

57.224

*Tube 6 broken and area added to tubes 7 and 9
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TA_ VIII. BLOCKINGCORRECTIONS

MINIMUM DRAG - CDo

EQUATION: CDo = CDoBASI c + ACD8 E + ACDSsB + ACDsBF

CDoBASIC

ACD8 E

ACDSBF

ACDSsB

CONTROL

DEFLECTION

_SB = 25°

3HF = 0o
8E = 0°

3SB = 0o
8BF = -11.7 °

8E = 0o

8E = -300
= -20°
= .i0°

= 00
= i0°

= 200

: .11 7o
= 0o

: 16.3 °
= 22.5 °

8SB = 0o
= 25°

= 550
: 87.2°

TAILCONE- 0FF

o.o68

0.033
o.005
-o.oo5
0.0

0.010

0.030

o.o3o
0.0

o.03o
o.o6o

TAILCONE- ON

O. 022

0.036
o.o18
0.o02
0.0

O.001

0.010

0.0
o.oo4
o.o18
0.024

CONFIGURATI ON

-o.oo9
0.0
0.024

o.o49

0.0

0.007
0.025
0.048

LIFT AT MI_ DRAG - CLo

cLo

CONTROL

DEFLECTION

dE = .300
= -200

= .10°

TAILCONE-0FF

-0.i0

-0. I0

0.0

TAILCONE-ON

-0. i0

-0. i0

0.0

*NOTE: Use CLo = 0 for all ocher angles of 6E
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TABLE IX. STBIFf TARE AND INTERFERENCE ADJUSTMENTS

(From Test 0A159)*

ACLT ACDT ACmT

-6

-4

-2

0

2

4

6

8

19

12

14

16

18

20

22

24

26

-.0137

-.0132

-.0127

-.o123

-.0119

-.0114

-.ozo9

-.0105

-.0100

-•oo95

-.O092

-.o089

-•0086

-•0085

-.oo84

-.oo83

-•0082

•0177

.0153

.ol3z

•0112

.oo9o

•0076

•O066

•0059

.oo54

•0051

•o05o

•0049

.o17o

•o165

.0160

.0155

•o128

.o142

•0137

.Ol32

•0127

.0122

.o115

.0111

.olo7

•01o5

.0104

.0103

•oD3

C( )Final = C( )Uncorrected " C( )Tare

*These corrections from 0A159, a tailcone off test, were applied to 0A174

tailcone on and tailcone off data.
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CO_0ZDT

i13

_U-i.as_

SPEED

e+.nL#i

wd i_-m_) E_(a,glct)
0.08475
0.09498
0.08838
o.o_55

-o.lO48

(+)
o._623
o.2312
0.2890
o.57T9
o.289o
o.57Y9

_mmm

_imm_

g w

(_:ib/Ct)
Qm m

mm_

mm _!

(-)
o.453o
o._65
o.2832
o.5663
o.2832
o.5663

2 - 24
25- _Z
_- 92
93 - 108
1o9- 16o
161- 165

SPEED

SFEED BRAKE

F_ #3

s_mmmmm_

BOI_

I_E GEAR

N_E OEAR

l_Om

9o

1_o

125

-o.1019

-o.zoz7

-o.1061

0.03797

-o.4_47
o.4_6
o._13
0.2?66
o.5532
0.2766
o.553_

-0.9595

o._7_1
0.9482
o._?_z
o.9_

-0.9639
o.95_x
o._761
o.9521
o._761

o.9521

1.703
0.85).5
1.7o3
o.8515
1.7o3

-0.2564

-o._6
o.4_7
0.2_23
o.278o
0.5559
0.278o
0.5559

o.9482
0.9595
o._798
o.9595
o._798
o.959'5

-o.9521
0.9639
0._8_0

o.9639
o._Sso
0.9639

1.658
o.8_90
Z.658
o._90
1.658

2- 9
10- _
25 - _I

93 - 108
)o9- 16o
161 - 165

2- 9
io- 24
25-
93 - lO8
1o9- 16o
161- 165

_- 9
1o- 24
25-
93 - 108

109 - 16o
161- 165

' 2'- 2i,.
25-
93 - lo8

lo9 - 16o
161- 165

93 - lO8

2- 2_
25 - z65
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c. Orbiter Tailcone-on and off Configuration

Figure 2. Continued.
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' NOTE: SCHEMATIC IS

IDENTICAL FOR

BOTH RIGHT AND

LEFT HAND

mlO_S

IPtx - Pa_I

FT SYSTEM

i-" ROS\MoDEMO87U_OAU36 5CAI.,& P SX

/
Pa__.._J . P'OX

.Pgx

iu EVEN _X-Dt_P2S ARt

RIGHT-HAND ADS

PR_BK

AP54 AND AFSS

I_RPJ_S P_

,

rref F'

at_ sp

h. Pressure Wook-up for Air Data Sensors

Figure 2. Continued.
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B.P. &?.O0

B.P. _0.0

J. Base Pressure Locations

Figure 2. Continued.
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A-a B-B

167 173
168 17_
169 175
170 176
171 177
172 178

C-,C

181 18'7 i_
182 188
183 lS9
184 190
185 191
186 192

FL_E_-3TATIC
T_E

1?&
195
196
197
198

A

T'J_ICAL TEl) SFACI_G .,__
E_,_,L'TIaN A_£ anaS-a _

°

12"15

_.6Z2

i'/'. _0'/;
A

IN_, MID, _
SFLTIOW C=C--

60 D_.

PA_" n_ _-
_79. _ _._-

f.

oooi

)/i T

i

I

_m t.----

NO'I'E: _

n. Nose Gear Pressure Instrumentation

Figure 2. Continued.
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rAFT _T

7 IR_ATICI

._-----

DODT FLAP HINGE MClq_R'rINSTRUMENTATION AND ACTUATION

COWICAL_ POST RtI_E _ SPEED_

SPEED_RAI_ HIN_- MOM_T INSTR_TATIOH AIID ACI'JATIO_

r. Body Flap and Speed Brake Hinge Moment Design

Figure 2. Continued.
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NOTE: DEFLECTIONS ARE M/ASI_IED IN A WAT_ PIARE.

MOMENTS ARE MEAS_/RED ABOUT THE HINGE_.

8,2,& \

r

+ C'hsl, 3

f

SPEED K=Ars SPEED BRAKE

PANEL LOCATIOW

i
] i UPPER !_."FT
2 I UPPER RIGHT

3 i _LEFr
& i _ RICAIT

I

t. Definition of Rudder/Speed Brake Deflections and Hinge Moments

Figure 2. Continued.
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zz_voN DEn.ZC_OSS

u. Elevon and Bo_7 Flap Deflections
Fi_a.e 2. Con.tlnued.
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a. Top View of Model 76-0 w i t h  Tailcone E 1 9  
Figure 3. Model photographs. 
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b. Front View of Model 76-0 with Tailcone E19 and FRg 
Figure 3. Continued. 
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c .  Rear V i e w  of Model 76-0 with E l e ~ O n 8  and Body Flap i n  
in Tailcone E 1 9  Full Down Position, with V i e w  of Vent 

Figure 3. Continued. 
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d. Cloee-up of Tailcone and Body Flap Recess 
Figure 3. Continued. 
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e. Rear V i e w  of Model 76-0 with Elevons and Body Flap at Zero Deflection 
p'igure 3. Continued. 
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-- 

f. Close-up of Tailcone and Body Flap Bottom 
Surfaces with Body Flap at d a p  = -11.7O 

Figure 3 .  Continued. 

14 1 



g. 
of ADS Probe PR5, IT Rocre Boom PR9, and RC8 Hozzle Simulntionr Nlo7 

Figure 3.  Concluded. 

Clone-up of Deployed llore -ding Qear and Doore Q18 with View 

142 



DATA FIGURES

Tabulations of plotted data figures may be found in Volume 2 (microfiche

only) or are available upon request from Data Management Services.
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APPENDIX

TABULATED SOURCE DATA

This report consists of two volumes arranged in the following manner:

VOLUME

NUMBER CONTENTS

APPENDIX

PAGE NO.

OA174 Force Data_ Tabulated

1,2

BNOOIA - BNO06H

CNO01A - CNO06H

DNO01A - DNO06H

ENOOIA - ENO06H

HNOOIA - HNOO6H

INO01A - INOO6H

JNO01A - JNOO6H

RNO01A - RNOO6H

ZNO01A ZNOO6H ("R" data corrected for blockage)

0A174 Pressure Data_ Sample Plots

1-75

75-149

149-223

223-297

297-371

371-445

445-519

519-593

593-667

1-17

2 0A174 Pressure Data_ Tabulated (Microfiche only)

FOURTH

CHARACTER

TABULATED MICROFICHE

PAGE NO. PAGE NO.

A

B

C

D

E

F

G

H

I

J

L

M

N

WING/ELEVON TOP

WING/ELEVON BOTTOM

FLIPPER DOOR TOP

FLIPPER DOOR BOTTOM

INTER-CAVITY

FLUSH NOSE STATICS

FORWARD RCS NOZZLE

VERTICAL TAlL CONICAL POST

TAILCONE

NOSE GEAR STRUT

LEFT NOSE WHEEL

INNER SURFACE LEFT NOSE GEAR DOOR

OUTER SURFACE LEFT NOSE GEAR DOOR

EDGE SURFACE LEFT NOSE GEAR DOOR

1-360 1-6

361-720 6-12

721-1027 12-17

1028-1334 17-22

1335-1641 22-27

1642-2300 27-37

2301-2801 37-45

2802-3099 45-50

3100-3418 50-55

3419-3434 55

3435-3450 55

3451-3466 55-56

3467-3482 56

3483-3504 56
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